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FOREWORD 

During the Third Western Regional Conference of The Chemical 
Institute of Canada, held at the University of Alberta, Edmonton , 
September 13 - 15, 1956, a symposium was held on "The Occurrence and 
Chemical Utilization of Light Hydrocarbons". Five papers were presented 
at the symposium by representatives of industry, the University of 
Alberta, and the Research Council of Alberta. 

Since the five papers represented a comprehensive, even 
though brief, review of many aspects of the occurrence and chemical 
utilization of light hydrocarbons, it was thought desirable to repro- 
duce these papers together as a "separate", as this would enhance the 
value of each of the papers and make them much more convenient for 
reference. The authors were contacted and expressed full agreement 
with the plan. 

Due to the immense reserves of light hydrocarbons in Alberta, 
presently under development, the information contained in these papers 
is, obviously, of particular interest and value to this province. There- 
fore, it is appropriate that the Research Council of Alberta, which is 
vitally interested in the development of Alberta's natural resources, 
should undertake to reproduce these papers. They are being issued as 
Mimeographed Circular No. 23. 

EDITORIAL NOTE 


The papers have not been edited and are reproduced in the 
form presented by the authors. 


Reprinting of material from these papers is welcomed, pro- 
vided that appropriate reference is given to author, title of paper, 
and this circular. 

















fected edt ‘20 ‘abnertattacd iasotgat rsd iratett ait natu, a, 

-  ¢Hodroaibal shoal to shan ovkets otis te piect abana? Yo 
ole soifers%si000 eat” a0 ited any muons £}- REE ras a et: 
badasevuy Stew eTeyet vet i “anostaoonbyl sgh ‘to, aotses LCs . 
| to yoiexevtaly eds event to bier res i Ae muleoqarye ack 
eas00.ih to toad donssasll edt brs. 4i 


Bata lcin | Seat! 


gee sv tsaaderagoc £ bevearaet exoaam, vit out sont - eh a 


~"figies Coats bain comerranyso. ond te esopges ‘erm 20 waives .,tolwd goods 
‘> hae 
aqet “ey oldixtaah “nod apy te senreaocrbya wdagyiL To ae a 


ad} enitadia Kivow rete 25 ; roireszont & ati neealeges aOGIT seedt 
o> Theiss SttoLt fiom, neck. sahaat taal anxTag acid to fo89, tos 
vasacowps [Ls peeaortexs Buta nei 58 ony, -esalias sat oan 
| i. oft Sey add 

.aSaSdLA at siaodsaoctinyst ee 20 “usvteRoy sesaamt edt ot Bi, 


ce eas 


ean bias “at peutstaoa poke saoe hata carota tebe 


Lae 


easomuoosy  Larinhan b Vaadesine. cA “a6 scoegotowss ast ae, nodes 
as boveat gated sts yedil eoxenparg ceeds agcgen 03 stabi BE 


ht * - 5, 3ae 


A * re te eh al Pristina = a on 


rf 


TABLE OF CONTENTS 


Foreword ° e e ° * ° e e e e e ° e e e ° e * « e e ° 
Editorial Note e e * s e e e ° ® e e * ° e e ® e * * 


The Reserves of Light Hydrocarbons in Western Canada, 
by George W. Govier . - «© » ee ee « © «@ 


A New Petrochemical Development, by E. J. Buckler 
and H. Leverne Williams . « « « «© « «© « « 


Developments in the Chemical Processing of Light 
Hydrocarbons, by Edward C. Brown .« « « » 


Economics of the Petrochemical Industry, 
by W e Dunnington e « e « 7 * e e e e e e e 


Economic and Other Factors Affecting Petrochemical 
Development in Western Canada, 
by Donald Quon and John Gregory « + « « » 


19 


29 


13 


(ie CR gers, ee me i ee ee a es 


" ' * 1 z e 2 3 
ee a ee ae em 


ae ie | ee ie) ee 


Digitized by the Internet Archive _ 
in 2022 with funding from. 
Legislative Assembly of Alberta - Alberta Legislature Library 


https://archive.org/details/ableg_33398004131131 


ee 
THE RESERVES OF LIGHT HYDROCARBONS IN WESTERN CANADA 


by George W. Govier* 

It is a pleasure for me to open the symposium on the petro- 
chemical industry in Western Canada by discussing the reserves of the 
light hydrocarbons. Alberta, in particular, and all of Western Canada 
have been endowed with a plentiful supply of crude oil and natural Ras, 
the two primary sources of petrochemical raw materials. Hydrocarbons 
from these two sources are already being used in important chemical 
operations in Alberta, and several new projects are either under con- 
struction or in the serious planning stage. Western Canada is un- 
doubtedly experiencing an industrial revolution in which oil and gas 
end products derived from them are playing a key role. In this 
symposium we are interested in the petrochemical side of this develop- 
ment, and my own function is to show what is available here in the West 
as hydrocarbon fuel and raw material. Although crude oil and natural 
gas are the ultimate sources, there are a number of ways in which fuel 
gas and raw materials are obtained from oil and gas. 

Natural Gas 

Considering natural gas first, it should be recognized that this 
is a complex mixture of methane, ethane, propane, iso-butane, n-butane, 
iso-pentane, n-pentane, traces of higher hydrocarbons, water vapor, 
nitrogen, and (often) hydrogen sulphide and carbon dioxide. While in 
all natural gases the proportions of the hydrocarbon constituents 
decrease with increasing molecular weight, there is a tremendous vari- 
ation from gas to gas in the content of the constituents. Gases which 
are high in methane and low in propane and higher components are 
* Head, Department of Chemical and Petroleum Engineering, University 


of Alberta, and Member, The Petroleum and Natural Gas Conservation 
Board, Province of Alberta. 
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customarily known as dry gases - the word "dry" referring to their lack 
of liquifiable hydrocarbons. Gases which contain commercially recover- 
able quantities of propane and higher hydrocarbons are all called "wet 
gases", These may be found quite separate from crude oil but often 
they are associated with it in the underground formation, All crude oils, 
under the entrapping pressure of the reservoir, contain natural gas dis- 
solved in them. The quantity and the composition of such "solution" gas 
depends upon the reservoir pressure and the nature of the crude oil. Most 
solution gases, however, are of the wet variety and solution gas, pro- 
duced unavoidably with oil, is an important source of wet gas. Often 
too, natural gas is found in contact with and immediately overlying an 
underground accumulation of crude oil. This "gas cap gas", as it is 
called, is usually of a composition intermediate between the non-associ-~ 
ated dry gas and the wet solution gas. Another intermediate grade of 
gas is that produced from what are known as condensate reservoirs. The 
Pincher Creek and Jumping Pound fields in Alberta are examples. Here 
the petroleum occurs in the underground reservoir in the form of a 
single phase above its critical pressure or temperature. Reduction of 
pressure accompanying production from such reservoirs causes retrograde 
condensation resulting in the production at the surface of condensate - 
a light crude oil, and condensate gas which is usually relatively dry. 
We see, therefore, that natural gas of widely varying composi- 
tion may be produced from dry gas fields, wet gas fields, solution in 
oil fields, gas caps in oil fields and from condensate fields. I have 
indicated the composition of three typical gases in Table I. The 
Viking-Kinsella gas is dry and sweet. The Pincher Creek gas is re- 
latively dry and sour - i.e. it contains a lot of hydrogen sulphide. 


The Redwater gas is wet and sour. All natural gases except those 
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which are dry and sweet require processing at or near their points of 
production. There are several reasons for this - to render the gas 
transportable by pipeline, to adjust heating value to the level desired 
by the market, to remove hydrogen sulphide and to recover, for separate 
use or sale, the economically recoverable higher hydrocarbons or sulphur. 
This processing results in the production of residue gas - a dry sweet 
gas of about 1000 BIU heating value, relatively pure propane and butane, 
and natural gasoline. Ethane could be recovered but is not unless a 
special market for it exists. 
Crude Oil 

Turning now to crude oil - even after it is robbed of most of its 
solution gas it is an important source of light hydrocarbons. In re- 
finery operations the relatively small amount of dissolved gas remaining 
in the crude oil is augmented by decomposition products of thermal and 
catalytic cracking. The amount and composition of the remaining dis- 
solved gas depends upon the nature of the crude oil and the extent to 
which it has been exposed to the atmosphere and allowed to weather. The 
amount and composition of the gaseous products of cracking are dependent 
in a most complex way on the nature of the crude oil, and the pressure, 
temperature, time and catalyst conditions of the refinery processing. 
For these reasons it will be clear that it is difficult to define the 
amount and composition of refinery gases. A survey of refiners in 
Western Canada has given useful data in this connection. Yields varied 
from an isolated low of 30, to a high of 434 cubic feet per barrel of 
crude oil throughput. The yields and approximate compositions of re- 
finery gas for four typical refineries in Western Canada are given in 
Table II. The refinery gases will be seen to be of mich different 


composition than the natural gases. They contain hydrogen, methane, 
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ethane, ethylene, propane, propylene, butanes and butylenes. They are 
much lower in methane and much higher in the higher hydrocarbons, and 
they contain unsaturated gases not present in natural gases. Because 
of the high proportion of propane and higher hydrocarbons refinery gases 
are not piped long distances and, like wet natural gases, must be pro- 
cessed and are only available at or near the refinery. In fact, the 
processing of such gases for the recovery of some of the propane and 
most of the butane is usually integrated with the rest of the refinery 
operation. 
Natural Gas Reserves 

Reserve estimates and production forecasts of the available 
hydrocarbons are of the utmost importance not only in the planning of 
new petrochemical ventures, but in the intelligent operation of existing 
plants. Reserves of natural gas hydrocarbons are derived from estimates 
of the reserves of natural gas in the ground, the proportion estimated 
to be producible and the composition of the gas. The producible gas is 
raw gas and, as I have mentioned previously, it nearly always requires 
processing. The residue gas resulting from the processing may be any- 
where from about 50 to over 90 percent of the original raw gas, de- 
pending on the composition of the raw gas. The yields of propane and 
butanes vary in the same way and also depend upon the available market. 

Table TIT presents a summary of reserve estimates for the most 
important source fields of natural gas in Western Canada. The Alberta 
figures are unofficial or preliminary revisions to December 3L, 1955 of 
figures published by the Petroleum and Natural Gas Conservation Board as 
of June 30, 1955. The British Columbia figures are based on estimates 


of Ralph E. Davis of November 14, 1955. The Saskatchewan figures are 
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taken from the 1955 Petroleum and Natural Gas Statistical Handbook 
published by the Saskatchewan Department of Mineral Resources. 

All fields having estimated recoverable raw gas reserves in 
excess of 100 BCF are listed separately as well as several smaller ones 
of special interest. Total figures for "Other Fields" are given te 
complete the tabulation. The estimates show the recoverable raw gas 
and the available dry or residue gas which may be derived from it ty 
processing. For those dry gases which contain 5 percent or more of 
ethane the amount of ethane which might be recovered is also estimated. 
Here a 40 percent recovery has arbitrarily been assumed. (The ethane 
which might be recovered has not been deducted from the available dry 
gas figure.) Propane and butane recoveries of 50 and $2 percent re- 
spectively were assumed to get the recoverable quantities of these 
components. No estimates of ethane, propane or butane recoveries frou 
the "Other Fields" were made, but little recovery would be expected. 

The reserves of the raw gas, the dry gas and the recoverable 
ethane are given in billions of cubic feet; those of the propane and 
butane are in millions of Imperial gallons. Billions of cubic feet of 
gas are hard to visualize. Perhaps it would help if I told you that a 
billion cubic feet of dry gas is thermally equivalent to about 50,000 
tons of good grade bituminous coal or some 150,000 barrels of fuel oil. 

The present dominant position of Alberta is clear from the 
relative numbers of fields and the subtotals for each province. The 
dry gas reserves are in the ratio of about 40:4:1 for Alberta-British 
Columbia-Saskatchewan. The ratio of propane and butane reserves for 
Alberta and British Columbia is about 12:1 and 10:1 respectively. It 
should be emphasized that these figures are estimates based upon avail~ 


able information at the present time. In many cases, such as for 
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Viking-Kinsella, for leduc-Woodbend and for other well developed areas, 
the estimates will be very good. In other cases such as for Pembina and 
especially for Savanna Creek and Sarcee, where development is far from 
complete, the figures must be considered tentative. In all cases, how- 
ever, the reserves are those considered pretty well proven, so the 
estimates are thought to be conservative. 

I would not like to leave this topic without some reference to 
the rate at which these reserves have been growing and to what is ex~ 
pected in the future. Over the past ten years the reserves of available 
dry gas in Alberta have increased by about 12 trillion cubic feet or at 
the average rate of 1200 billion cubic feet per year. For most of the 
ten year period the annual rate was higher. This growth occurred over a 
period of unfavorable market for gas and when the incentive to discover 
and develop new gas reserves was low. Looking into the future one may 
reasonably expect an increasing interest in the development of gas 
reserves and an acceleration of exploration activity. The remaining 
available dry or residue gas reserves in Alberta are expected to grow 
from the present 17 odd trillion cubic feet to about 22 in 1960 and to 
over 30 trillion cubic feet in 1970. 

Reserves From Crude Oil Refining 

The reserves of light hydrocarbons derived from crude oil re- 
fining may be estimated in either of two ways. One way is from an 
estimate of the recoverable reserves of crude oil and figures repres- 
enting the average yield and composition of refinery gas per barrel of 
crude oil. The difficulty here is that Western Canada's crude oil 
goes far beyond Western Canada. In 1955, of Alberta's daily average 
production of some 302,000 barrels, some 57,000 were refined in Alberta, 


53,000 in British Columbia, 35,000 in Saskatchewan, 17,000 in Manitoba, 
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100,000 in Ontario and 40,000 in the United States. ‘This year and 
future years will see an even greater proportion of Alberta's increas~ 
ing production move to Eastern Canada and the United States. Thus an 
estimate of refinery gases based upon Western Canada's total crude oil 
reserves is not too helpful in a consideration of Western Canada's pet- 
rochemical potentialities. 

Another approach and the one I have used is to base the estimate 
on Western Canada's refining capacity, assuming, as is certainly reason- 
able, that reserves will be available to operate the refineries for a 
long time into the future. One really should project refinery capacity 
into the future for there is no doubt that Western Canada's present 
capacity of some 212,000 barrels per day will increase, probably doubl- 
ing in the next 25 or 30 years. On the other hand refinery technology 
is changing rapidly too, and who is to say what the yield of refinery 
gases will be in the future. The safest procedure seems to be to take 
the present refinery capacity and the present yields and to estimate 
light hydrocarbon totals for, say, a 25-year period. This is what I have 
done in Table IV. Western Canada has been divided into its major re- 
fining centers and the 25-year cumulative figures for total gas, ethane 
and ethylene, propane and propylene, and butanes and butylenes have 
been calculated. The Cy hydrocarbons have been taken at 10 percent of 
the total gas, representing a recovery of from 50 to 75 percent depend~ 
ing upon the refinery gas composition. The C, hydrocarbons were 
estimated on the basis of 25 percent of the total gas, which reflects 
a 75 to 90 percent recovery; the C's at 35 percent of the total gas, 
equivalent to an 80 to 90 percent recovery. 

Comparing Tables III and IV it is clear that natural gas is a 
much larger source of all the hydrocarbons, but that very important 


quantities of C2 and C,, compounds are available at refineries. Also, 
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almost equal quantities of the refinery-derived compounds are available 
in each province and in each large refining center. Differential growth 
rates will modify this, but hardly to the extent present in the case of 
the natural gas derived hydrocarbons. 
Rate of Production 

The daily rate of production of the light hydrocarbons may be 
estimated with fair precision a few years into the future by detailed 
consideration of individual fields and individual refineries. The Con- 
servation Board has done this in the case of the natural gas producing 
fields, but not for the refineries. In both cases, however, a fairly 
good idea of the daily production rates of the near future (all fields 
producing) may be «btained by dividing the reserve figure by 8,000 to 
10,000. This assumes the reserve will be produced in a period of 22 to 
28 years. (In the case of the refinery figures this just reverses the 
original calculation of the reserve.) My own way of doing this is to 
shift the decimal point of a reserve figure one point to the left and to 
convert billions to millions and millions to thousands. For example, in 
the case of Pincher Creek the reserve of 1900 billion cubic feet of dry 
gas becomes an average rate of 190 or, say, 200 million cubic feet per 
day; the propane and butane reserves of 365 and 500 million gallons 
become production rates of 36 - 4% and 50 - 55 thousand gallons per day. 
Similarly from Table IV, the Edmonton area productions of total refinery 
gas, C,'8, C2"s and %,'s would become about 7 and 0.7 million cubic feet 
per day and about 41 and 69 thousand gallons per day. This is a crude 
procedure but not too bad for orientation purposes. 
Present Use and Commitments of the Light Hydrocarbons 

It is not my job today to discuss the uses to which light hydro- 
carbons produced in Western Canada are now being put nor their commit- 


ments into the future. On the other hand, I do not wish to convey the 
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idea that all of these hydrocarbons are here awaiting new chemical in- 
dustry. Much of the now available dry or residue gas is under contract 
to utility companies, industry, and export, but a good deal is available 
for new industrial use. Only surplus gas is to be exported from Al- 
berta, and future Alberta requirements have been considered in the cal- 
culation of what is surplus. With respect to ethane much of that from 
Lleduc-Woodbend is now being used here in Edmonton by Canadian Industries 
Limited, but no ethane recovery is being carried out elsewhere. Propane 
recovered from natural gas serves the L.P.C. industry ~ in the immediate 
past it has been in short supply in the winter but long in the summer, 
New plants soon to be in operation will provide year round surpluses. 
Canadian Chemicals Limited obtain butanes from Leduc-Woodbend but sub- 
stantial surpluses are available elsewhere and production volumes will 
soon increase, 

On the refinery gas side, there is partial recovery of both C3 
and C), hydrocarbons for separate sale, polymerization, alkylation and 
blending purposes, but about two-thirds of the total gas is being used 
as refinery fuel which could be replaced with dry natural gas or bunker 
fuel if there were a demand for these hydrocarbons. The demand could 
come from the refiners themselves through increased polymerization 
capacity or large scale alkylate production. On the other hand the C2 
and C), hydrocarbons could, as they do in the Sarnia and Houston areas, 
form the basis of petrochemical manufacture, 


Conclusion 


All of Western Canada has petrochemical raw materials available. 
Alberta and to a lesser extent British Columbia are doubly blessed with 
both natural gas and refinery sources. In Alberta, in particular, the 


reserves are extremely large and the production rates will soon be pro- 
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ke 
portionately so. If availability of fuel gas and raw materials were the 
only consideration, the West would certainly be the petrochemical center 
of Canada. Other speakers will deal with products, processing methods 
and certain economic factors of the petrochemical industry. These all 
have their influence on plant location, but when low cost fuel gas and 


hydrocarbon raw materials are important Western Canada has a decided 
advantage. 
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Table I 


ANALYSES 


PooereleD Ae eR AW NA TURAL, 1648-2 S 








aE 2 3 Th 
DRY SWEETGAS CONDENSATE (4) OLLFIELD (5) 
H.eP.SEPARATOR Gas’ '? L.P, SEPARATOR GAs‘? 
Field Viking~Kinsella Pincher Creek Redwater 
Zone Viking Rundle Leduc (D3) 
Composition 
Methane 89.4 gprieg’ 59 63 
Ethane i bag fe! 5.52 16.6 
Propane 0.81 1.28 OT 
i-Butane 0.14. 0.20 Tu 
n-Butane 0.22 0.51 2.8 
Pentanes ity 0.21 0.54 0.9 
Nitrogen \1 750 72 2.5 
Carbon Dioxide @ 6.60 4.0 
Hydrogen Sulphide 0 8.50 2.8 
Total 100.00 100,00 100.0 
ce(e) 
Propane 0.181 0.287 euly 
Butanes 0.043 0.184 1.09 
Pentanes Plus 0.066 0.181 0.30 
Total 0.340 0.652 3.56 
cuv'3) 956 1060 1329 


by difference 

Imp. gals per MSCF as sampled (14.4 psia, 60°F) 

Gross heating value BTU per SCF (14.4psia, 60°F., moisture and acid gas 
Separator at 800 psig. free) 
Separator at 30 psig. 
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Table II 


ANALYSES 


Poorsluen Lb REFINERY OIGAS ES 





1 2 3 \ 5 
Refiner A B C D 
Type of Refining Catalytic Thermal Thermal and Thermal and 
Cracking Cracking Catalytic Cracking Catalytic Cracking 
Yield, CF/Bb1l 236 234, 172 198 
Composition 
Hydrogen and 
Methane 20.4 26.5 yee. 16.2 
Ethane 79 19.0 8.5 12.4 
Ethylene 8.0 pre 229 Pee 
Propane 11.7 20.1 21.6 28.8 
Propylene ia 10.4 tel ulepay 
Butanes 15.0 12.5 25.0 23.0 
Butylenes 1955 6.5 12.3 13 














Total 100.0 100.0 100.0 100.0 












2 


ee ee oe ee ee Se ietie-ac at 




















. ty hy 
er Owes Re y 3 ae , : 
> i ant | cr 
es ‘ ¢ A 
- sah cs oh ree . 
Tne aS eT Te ee eet er De wont ven etiaraewe ‘tee sal ae Sages i, eat 
’ aes 3 
* Meee ee aes ye ’ tebe + hope 
. } ‘sa o es ace ee pe oa A a et . 
: Gomyeg ees en wee are 5 Tasoiy ( Pieana noes: sing! cy ET iy eee pal 
. Bow Lars. _ he. Sears wrodl, SiS GIRS, | 
‘ ‘ oe CU lel coe es aor : ‘ 
- vas, 5 re jue os @ £25. a . ; 4, fate er ies: 
Sa nee tenet ry * t moe « 9 fe ol’) Tia? ney ' roe eee ae 
PO ML BROT R EY oitthoeen Bisvists) prepa aigey ont BIS Say ‘ 
F Pe tillt Loe Lo - , Bs . 
ME Tate Onecare mnt a 4 fom goss * ee eee Gee yi 7 ey 
Pa, aay te peannsee ny ae P $ ' 
s, “~ i . ‘y - “i ‘ bay a 
eee ye ee ~ wee . o ~ toe ae wy 
o eee ae | 4 Asi Ss a 
eects Ce ba ae ae 7 <2 at a ut = te ;3 ws Ke 
pee 3 Fittings oad zs . Aare ext he 
Pigs ; eeehine ; en ee et ee 
‘ Ao Sea x 
ee F : F ot 
- - ; 
“ 
ny ees 
ig, 
a *o Be “1 « 
” ‘ol t ’ * 
a “ { 
~ 8 We We Yd a’ uals 
- 
Kr 8 | = 
@ ~ be Bo 
1 av " ‘ 
of. "¢ aa 6.6 
Be Ss vet naa a — 
Sr tk aah [ 
" 
: i 
é Ld A Seat 
ra fies rf fr (oO vw. er 
an net C_ ak sea pa 
ag Leon 
hee , ” 
Rent w 


: oa 
ata 4 . +e rf os 


- 
~~ rk, ‘ a o |. ae 
Cdouge 1 ee er +P oe 
pad o\,~ \ ee ee ae eo 
een ae 
Peer a ‘ 
~ oo eo usw > a : 
Ys co: ‘ 5a ,. a = Fa q 
~ 3 ¢_# 2.1. ‘ a f > 
7 3 r ed a wae 
nee ie one enna int. , eeveqiansibingiin qutattaibames ‘i e 
a Fe i a . 


. ys» ~~ iho m ot P ~ pe, “ Ps 
0. OOL: ), VOL 0,00) , 0. Gat: isvot 


- 16 - 


Table III 
RESERVES OF LIGHT HYDROCARBONS 


FROM NATURAL GAS 
Dec. 31, 1955 





1 2 3 4 5 6 
Recoverable Available Recovergble Recoverable Recove 
Field Raw Gas Dry Gas Ethane an 5 Propanet™/ Datanest2) 
BCF BCF BCF 
APB EB ROTA 

Acheson hes h ; h 
Bonnie Glen 809 oe uz : ae <8 
Cessford Laie 1057 2 _ . 
Erskine 32 27 0.9 12.5 10.9 
Etzikom 131 125 = io ce 
Fairydell- 
Bon Accord 102 97 - - - 
Fenn-Big Valley 122 8h. 5 228 161 
Ft. Saskatchewan 146 131 = = fs 
Gilby 200 172 Fs 64 Ke) 
Golden Spike 130 101 Te5 152 96 
Gordondale 188 179 - = ~ 
Harmattan~ 
Elkton 720 576 22 215 210 
Home glen-Rimbey 874. 700 BAG 288 209 
Jumping Pound 64.8 529 a“ Xs _ 
Leduc-Woodbend 1900 880 ho 650 505 
Medicine Hat 914. 822 - - - 
Morinville 118 ab) ~ - - 
Nevis 631 510 13 arte 2.6 
Okotoks 338 135 - - - 
Pembina 12001 900% hot 1100+ 900% 
Pendant Df Oreille 159 150 - - - 
Pincher Creek 2700 1900 - 365 500 
Pouce Coupe 220 209 ~ = 
Pouce Coupe South 173 165 - ~ - 
Princess 180 168 ~ ~ - 
Provost 568 540 - - 
Redwater 137 92 9.6 325 205 
Sarcee 190 150 - - ~ 
Savanna Creek 190 140 - ~ - 
Stettler . 22 14 a 53 28 
Sturgeon Lake 26 17 0.8 18 16 
Sturgeon Lake S, 170 110 4.8 108 95 
Tangent 180 170 ~ ~ ~ 
Turner Valley 490 350 i 102 8h 
Viking-~Kinsella 600 570 > = = 
Westlock 210 200 - “ ~ 
Westerose 190 148 LL 198 228 
Whitelaw 115 110 - * = 
Windfall 150 105 - if) 15 
Wizard Lake 128 92 8 123 105 
Other Fields 4000 3600 ~ - ~ 

Subtotals - 21,200 16,700 250 4,900 4,000 


(say) (say) (say ) (say) (say ) 
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Table III 
(Continued ) 


Be iet ot SR ist: OSTATM: BAT IA 


Buick Creek 380 356 
Blueberry Mountain 96 90 Individual field details 
Fort St. John 890 833 not available 
Nig Creek 150 134 
Other Fields 437 398 
Subtotal 2000 390 420 


1900 30 
(say) (say) (say) 


SASKATCHEWAN 


Coleville-Smiley - 164. 

Hatton ~ 133 Details not available but 
Other Fields - 128 recoveries would be small 
Subtotal 500 has : : , 

(say) 


Poet A = BRITISHCOLUMBIA-SASKAT CHEWAN 


Grand Total 23,700 19,000 280 553 4,400 
(say) (say) (say) (say) (say) 


2) At 50 percent 


1) At ho percent where ethane above 5%; not deducted from available dry gas 
3) At 90 percent 
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Table IV 
any ae OF LLSrT yp ROoMmAR BONS 


mw oM CRUDE OLE REPPIN ING 


(Basis 25 year cumulative Figures on Dec. 31,1955 
Rated Refining Capacity and Estimated Average Yields) 


1 2 3 4 5 6 7 
ES nyo gentle SR A lg ee ne eee a eee Ned 
Area Refining Total 25 Year mehenaee ed, Ritere awed 
Capacity Gas Yield Total Bthylene Propylene Butylenes 
Gas 
BPD cF/BBL BCF BCF MMG MMG 





ALBERTA 


Calgary 15700 200- 28 2.8 157 267 
Edmonton 41300 2002 7 reg 415 695 
Other Areas 23000 100- 20 2.0 110 187 

Subtotal 80000 122 12.2 682 1149 


Pereudoe i od ee ec Ue Mee La 


Vancouver 59000 1502 78 7.8 ho 730 
Other Areas 7500 150 10 a0 56 93 
Subtotal 66500 88 8.8 4.96 823 
SASKATCHEWAN 
Moose Jaw 17500 200* 31 sie 175 20h 
Regina 35500 2007 63 6.3 354 588 
Other Areas 13300 150- 17-5 1.8 100 163 
Subtotal 66300 Lie dige 629 1045 


Pweneerr AG. ARRIT TSH COLUMBIA-SAS KA TUE Wag 
Grand Total 212,800 7s 322 32.2 1807 3017 
3 Taken at 10% of total gas (50-75% recovery) 


2) Taken at 25% of total gas (75-90% recovery) 
(3) Taken at 35 of total gas, (80-90p recovery) 
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A NEW PETROCHIMICAL DEVELOPMENT 
by E. J. Buckler* ana H, Leverne Williams* 

Introduction 

During 1955 and 1955 technical news articles and publications 
appeared wiich indicated that a major advance had been achieved in 
polymer science, particularly with reference to hydrocarbon polymers. 
Due credit and priority will have to be unravelled by chemical histor- 
ians ten years hence when all curmen:: work is published. At present, 
it appears that the pioneeri ug work was carried cut by groups in Germany 
and in the United States, working along different lines. In Germany, 
fifteen years' study on catalytic effects of organo-metallic compounds 
at the Max Planck Institute for Coe]. Research at Mulheim under Professor 
Karl Ziegler (1,2) began to yiela patentable results starting in 1950 and 
reaching large proportions by 1954, These have been extended with 
spectacular success by Professor Giulio Natts (3), Institute Politecnico 
de Milano, in association with Societa Montecatini in Italy. In the 
United States, independent work by the Standard Oil Company of Indiana 
and Phillips Petroleum Company on solid oxide catalysts yielded patent- 
able results, particularly in 195% (4) end 1955 (5) respectively. Other 
companies also received valuable patents in the field (6). 


ices is two fold. Firstly, catalysts 


5 
i 


The outcome of these adv 
have been evolved which will fovm solia yolyner from simple hydrocarbons 
such as propylene, n-butene, n-nentene and higher alpha-olefins, which 
hitherto could only be polymerized to liquid dimers and trimers. These 
catalysts will also form rolymers from olefins like ethylene, styrene, 


and butadiene, which have been polymerized by conventional means for 





* Manager: and: Assisteztt Manager, respectively, Research and Development 
Division, Polymer Corbhrevion Limited, Sarnia, Ontario. 
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many years. Secondly these catalysts form polymers which have structures 
having a high, and, in fact, an ultimate degree of orderliness, as op- 
posed to polymers which contain a random distribution of isomeric units 
when prepared using conventional catalysts. The way has been opened to 
producing polymers with improved properties from cheaper raw materials. 

Broadly speaking, in 1955 there were only three solid polyolefines 
manufactured in quantity (7) polyethylene plastic by the high pressure 
process evOlved by Imperial Chemical Industries Limited, (175,000 tons/ 
year in United states, 10,000 tons/year capacity in Canada), polystyrene 
plastic by bulk thermal or peroxy free-radical processes (225,000 tons/ 
year, all types, in United States, 36,000 tons/year in Canada), and 
polyisobutylene or Vistanex (5,000 tons/year) by low-temperature ionic 
polymerization catalysed by boron trifluoride. Propylene, normal and 
isobutylenes, and higher olefins are converted to liquid dimers and 
trimers by passage over hot solid phosphoric acid catalysts, and used for 
polygasoline, detergent intermediaries and aviation gasoline components 
after hydrogenation. Isobutylene is polymerized to liquid polymers in 
solution using aluminum trichloride as catalyst. 

The main classes of rubbery polymers in commercial production in 
1956 contain the diolefins, butadiene and isoprene, and other hydrocar- 
bons (8), These comprise general-purpose synthetic rubber (75 butadiene 
to 25 styrene, approximately 700,000 tons/year) and so-called high sty- 
rene resins (15 butadiene to 85 styrene, approximately 40,000 tons/year). 
Other combinations are possible, of course, using the peroxy initiated 
emulsion system, but have not found large-scale commercial application. 
A copolymer composed of 97% isobutylene and about 3% isoprene, Butyl 


(approximately 75,000 tons/year), is made in solution using aluminum 


trichloride as catalyst. 
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New Hydrocarbon Polymers 

It is too early to predict what polymers made from these new catal- 
ysts will attain volume production, especially since all combinations of 
pairs of monomers have not been explored. Ethylene and styrene have been 
found to yield polyethylene (2,3,4,5) and polystyrene (3) with improved 
properties. Propylene, which hitherto could not be converted to solid 
polymers, gives materials which, depending on structure and molecular 
weight, give high tensile fibres, rigid molding resins or semi-elastic 
polymers (3,45), Butene-1, formerly not polymerizable to solid polymers 
by any means, gives rigid molding resins at least, and possibly other 
forms (3,5), It is possible moreover, to produce solid, plastic polymers 
from normal alpha-pentenes, hexenes, heptenes and octenes (3,5), Copoly= 
mers are possible, particularly such products as copolymers of ethylene 
with propylene or l-butene. It is of interest to note that a minor mod- 
ification of Ziegler catalyst makes it possible to prepare pure butene-1 
from ethylene and pure 2-methyl-pentene-1 from propylene; such reactions 
(1) might be of interest for utilizing ethylene and propylene if sur- 
pluses exist having values only as fuel. 

Many pure diolefin polymers have been reported. Five distinct 
varieties of polybutadiene have been prepared, all linear polymers 
differing in chain structure. There are cis-1,4, trans-1,4, syndoytactic- 
eieisttactic-1,2 and atactic-1,2 (299), A similar yarieup de rosettes 
from isoprene, but one, namely cis-1:4 polyisoprene, is of particular 
interest since it is the hydrocarbon known as natural rubber. The trans- 
1:4 (3,9) is similar to Balata. It is now possible therefore, to form 
solid polymers from the complete series of primary olefins and from the 


Gafeinriest diolecing (C1322 999) , 
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New Structures 

To appreciate fully the scope and potential of these advances, we 
must consider the structures of these new polymers. All are based on the 
carbon atom, which, as shown in Figure 1, has four valency bonds, equally 
disposed, radiating in effect from the centre to the corners of a regular 
tetrahedron. This basic concept leads to the picture of carbon atom chains 
of zigzag or spiral form with the remaining bonds projecting forward and 
backward from the plane of the zigzag. In actual molecules the zigzag 
chain is coiled into a loose Spiral. It also leads to a planar structure 
for a double bonded C=C group as shown. These are the basic concepts 
needed to account for the structures produced. 

In Figure 2 we show the principal monolefins to be considered, all 
derivatives of ethylene. Polyethylene itself is composed of simple zigzag 
chains. Those of conventional polyethylene are formed by free radical 
growth in liquid ethylene; growing chains often attack chains already 
formed and result in branches, as depicted in Figure 3. The new poly- 
ethylene is formed by reactions in which few, if any, branches are formed, 
and the chains are therefore quite linear. Asa result, the polymer 
chains can readily pack together and crystallize. 

In Figure 4 is shown the structure of propylene. The unit, with 
the double bond. opened, can have the methyl group in one of two positions, 
which we will call d and 1. Polymers therefore could be all da form, all 
1 form (which would be very similar), a regular alternation of d andl, 
or a random mixture, as shown in Figure 5. The pure d and 1 is called 
an isotactic structure, the dldl-form is called a syndyotactic structure, 
and the random chain is called an anisotactic or atactic. The first two 
are regular enough to crystallize and form rigid plastics, the atactic 
form is amorphous and rubbery. The higher olefins and styrene can be 


considered in exactly the same manner, except that the methyl group of 
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propylene is replaced by other groups as show previously. The important 
practical point is that the three varieties of structure have been realized 
in pure form as linear chains using the new catalysts. 

Turning now to the diolefins, in Figure 6 we see that butadiene and 
isoprene have very similar structures. Considering butadiene, one may con- 
sider turning it into a chain unit by opening both double bonds and then 
re~forming one pair leaving the other open to link with adjacent units as 
shown in Figure 7. This leads to a 1: unit or a 1:2 unit, depending on 
which pair is re-joined. The former exists in two forms, cis and trans, 
as shown, while the latter, by analogy with propylene, can take a d or an 
1 form. 

With these structures in mind we can now explain the structures of 
various polybutadienes, as summarized in Figure 8. Emulsion polybutadiene, 
to which ordinary synthetic rubber is related, is formed by free radical 
chain growth in an environment of butadiene. As a result, branched chains 
are formed as shown, and each chain contains a random distribution of all 
four units in unequal proportions. Commercial synthetic rubber contains 
fewer branches, a large proportion of the trans 1:4 structure, and also 
has styrene co-polymerized in the chain to confer processability and hard- 
ness; nevertheless it is still a random structure and will not crystallize. 
The pure structures are linear trans-1:4, cis-1:4, isotactic-1:2, syn- 
dyotactic-1:2 and atactic-1:2. All five forms have been synthesized in 
fairly pure state (3,9) although little is yet available on their 
properties. Among the corresponding isoprene structures, the pure cis-1:4. 
form and the pure trans-1:4 form are of interest, since these are the 
structures of natural rubber and Balata. Both of these forms have now 
been synthesized (339) as well as five of the remaining seven possibilities, 


Nature of Catalysts 
Apart from polyisobutylene and Butyl rubber, all present commercial 
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hydrocarbon slid polymers are formed by growing chains in an environment 
of pure monomer. The chains are initiated by free radicals, i.e. groups 
with an unpaired electron constituting a free valency bond, generated by 
decomposing such chemicals as peroxides and persulfates. As explained, 
the polymer structure tends to be branched with a random distribution of 
the various possible units in each chain. 

The new catalysts are believed to consist of active surfaces which 
absorb monomers in specific fashion, and also open the double bonds. A 
monomer unit is believed to join an adjacent unit in a specific configura- 
tion, and the united unit to separate from the surface. The process of 
adsorption end polymerization continues at the surface and the polymer 
chain grows, rather like a hair from a follicle. No polymerization occurs 
in solution in this suggested mechanism, and so no random polymerization 
can occur. This picture is far from complete and is still mainly conjec- 
ture. These active surfaces can be prepared from a surprising variety cf 
materials. The Ziegler catalysts for molyethyienes consist of complexes 
of aluminum triethyl and titanium tetrachloride, with many alternates 
possible for both metals. The Natta catalysts (3) for polyolefines and 
the Goodrich catalyst for polyisoprene (9) are of a similar type. The 
Phillips (5) and Standard Oil of Indiana +) catalysts consist of silica 
or aluminum oxides impregnated with oxides of chromium, molybdenum, 
tungsten, uranium and others. It is likely that the methodsof preparation 
are as important as the ingredients chosen. The reactions all take place 
at moderate temperatures, often below 100°C., and, rarely, below room 
temperature. The monomers must be free of oxygen and water, but can be 
and are used in solution in saturated hydrocarbons. Recently (10) | it has 
been reported that modifications of the high pressure (Imperial Chemical 
Industries ) process have been developed which permit production of poly- 


mers having properties similar in many respects to those made by 
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heterogeneous catalysis. 


Properties of New Polymers 


The outstanding property of linear isotactic polymers compared with 
random and branched polymers js tendency of the former to crystallize. As 
a result, linear polyethylene is harder and stronger than ordinary poly- 
Bice recesc!, Isotactic polypropylene gives fibres stronger than nylon 
and ordinary polyethylene, and indeed approaches the tensile strength of steel 
(Table 1). The tendency to crystallize increases the density and the 
melting point (3) as shown in Table 2, and indicates the possibility that 
these materials may find use in piping, even in domestic hot water systems. 
Ordinary synthetic rubber requires carbon black to reinforce it before it 
will give high strength rubber stocks, as shown in Table 3. With cis-1:4 
polyisoprene .7)) the tendency to crystallize on stretching results in 
high strength even without stretching; the absence of styrene in this 
polymer makes for good rebound. Whether other copolymers, particularly 
from butadiene, will make superior rubbers remains to be seen. 
Conclusion 

In addition to the interesting properties of isotactic polymers, we 
must also remember that they have been made from inexpensive raw materials 
(12) of very low cost compared with the raw materials for Nylon and Dacron 
for instance (Table 4), In Tables 5 and 6 are listed the plants built or 


(13) ony 


under construction already to make use of these new catalysts 
is estimated that over fifty million dollars per annum is now being spent 
on research in this field. When one considers that only hydrocarbons 

have so far been studied, with comparatively little attention yet directed 
to derivatives such as vinyl chloride, acrylonitrile or vinyl acetate, it 


is seen that a whole new complex of synthetic materials await discovery 


and application in the petrochemical industry. 
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TABLE 1 


PROPERTIES OF Frpreg (22) 


Ultimate 
Tensile Strength Tenacity Elongation gns./ce 
Material lbs./sq. in. gms. per Denier Percent Density 
Isotactic 
Polypropylene 110,000 9.3 31 0.92 
Ordinary 
Polyethylene 23,000 2.0 50 0.92 
Ordinary 
Nylon 75,000 5.2 29 eter 
Acetate 
Fibre 25,000 1.4 2T 1.32 
Steel 299 ,000 3.0 8 7-80 
TABLE 2 
PROPERTIES OF PLASTICS 
Density Melting Point Tensile Strength 
gms./ce weet lbs./sq. in. 

Polyethylene 

Normal 0.91 239 2,060 

New 0.96 ekT 4500 
Polypropylene 

Amorphous G.65 167 Rubbery 

Isotactic 0.92 320 5,000 
Polystyrene 

Normal 1.04 230 (5,000) 

Isotactic 1.08 LLG (5,000-8,000) 
Polybutene-1 

Amorphous 0.87 1h9 Rubbery 


Isotactic 0.91 260 (2,000-3,000) 
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TABLE 3 
PROPERTIES OF HYDROCARBON RUBBERS 
Ba/St 
Properties of Emulsion 72/28 cis-1:4 
Vulcanized Rubbers Polybutadiene Copolymer Polyisoprene 


[> 
tw 
> 

[wo 
[> 
ie) 


Tensile ey 


(1bs./sq. in 500 2,450 245 4,200 3,500 4,000 
Elongation at Break % 350 270 525 675 850 600 
Rebound at 77°F. % 69 59 7h 63 86 71 
Freeze Point °F. -110 -110 -65 -65 -72 -72 
Tread Wear - 110 ~ LS - 90 
A - Gumstocks; B - Reinforced with Carbon Black 

TABLE 4 


MONOMER PRICES 


Price 


Polymer Raw Material Cents / Pound 
Polyethylene Pure Ethylene 6 - 10 
Polypropylene Propylene -Propane 2 - 3 
Polybutylene Butylene-1 z 
Polystyrene Styrene 16 
Polybutadiene Butadiene 5 
Nylon Adipic Acid a5 
Ethylene Glycol 14 


Terylene Terephthalic Acid Sb) 
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TABLE 5 


RIGID POLYETHYLENE PRODUCTION PLANS 
1956 - 1957 


Production Catalyst 
Company Country tons / yre Type 
Phillips Petroleum UsceAe 60,000 Phillips 
Union Carbide U.S.A. 30, 000 Various 
Koppers~Brea U.S.A. 30,000 Ziegler 
Koppers U.S.A. 25,000 Ziegler 
Celanese U.S.A. 20 000 Phillips 
Kastman, Spencer U.S.A. Standard 
Monsanto, duPont, Shell 
Goodrich-Gulf, Hercules, Dow U.S.A. Ziegler 
Kellogg, Grace U.S.A. Phillips 
Farbwerke Hoechst Germany 20,000 Ziegler 
Rhein Chemie Germany 20 ,000 Ziegler 
Kohle-Oel Chemie Germany 20,000 Ziegler 
Ruhrchemie, Chemwerke Huls, Hibernia, 
Rheinische Olefinwerke Germany Ziegler 
Basische Anilin Soda Fabrique Germany Phillips 
Dutch State Coal Mines Holland Ziegler 
Union Carbide England 10,000 Ziegler 
British Hydrochemicals England 10, 000 Phillips 
Shell, Monsanto England Ziegler 
Pechiney France ~ Ziegter 
Rhone Poulenc France - Phillips 
Solvay Italy - Phillips 


TABLE 6 


NEW POLYOLEFIN PRODUCTION PLANS 
1956 - 1957 


Polymer Company Country Production 

Polypropylene Phillips Licencees USA. Pilot 
Montecatini Italy Few tons/day 
Shell Chemical England Pilot 
Farbwerke Hoechst Germany Pilot 
Chemwerke Huls Germany Pilot 
Hibernia Germany Pilot 

Cis-1:4 Polyisoprene Firestone U.SeAe Pilot 
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DEVELOPMENTS IN THE CHEMICAL PROCESSING 


OF LIGHT HYDROCARBONS 
$$ HYDROCARBONS 


by Edward C. Brown* 


Light hydrocarbons — if one takes this expression to mean all the 
hydrocarbons containing up to, say, four carbon atoms — are the starting 
point of the manufacturing operations carried out by the petrochemical 
industry, and the reference in the title to "the chemical processing 
of light hydrocarbons" may suggest a review of developments that would 
cover the greater part of the petrochemical field. True, the title does 
exclude the production of aromatics from petroleum, most of the Oxo re- 
action products, sulphur and a few other petrochemicals, but it takes in 
a range of topics far too large to cover in a short review. This paper 
will therefore outline only briefly the role of the light hydrocarbons in 
the petrochemical industry, and then discuss in somewhat greater detail 
a few selected aspects of the chemical processing of light hydrocarbons. 

Of the hydrocarbons containing up to four carbon atoms, those 
which find industrial uses as chemical raw materials include all the 
paraffins (methane, ethane, propane, normal and iso-butane), all the 
mono-olefins (ethylene, propylene, the normal butylenes and iso-butylene), 


one diolefin (1,3-butadiene) and acetylene. 


* Canadian Industries Limited, Montreal. 
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Two Main Routes Frou Light Hydrocarbons To Petrochemicals 
Cer bOnS 10 Fetrochemicals 


For most petrochemical uses these light hydrocarbons are first 
produced from petroleum or natural gas as relatively pure individual 
chemicals which are then upgraded to fae valuable commercial products 
by polymerization, by combination with other organic chemicals, or by 
reaction with oxygen, chlorine or other inorganic chemicals. Examples 
of this route to petrochemicals are: the separation of ethane which 
may be chlorinated to ethyl chloride; the manufacture of ethylene and 
its subsequent conversion to ethyl alchohol, ethylbenzene, ethylene 
oxide, ethylene dichloride or polythene; and the manufacture of acetylene 
from which acrylonitrile, vinyl chloride and a number of other deriva- 
tives can be made. These examples cover only the hydrocarbons con- 
taining two carbon atoms, but they are typical of a broad class of 
processes in which a new compound is built around the original structure 
of carbon atoms in the light hydrocarbon. The original light hydro- 
carbon structure is usually either retained or enlarged by the addition 
of more carbon atoms, but there are a few processes in which the number 
of carbon atoms may be reduced, as in the partial oxidation of C3's 
and Cy's by Canadian Chemical Company at Edmonton to make formaldehyde, 
acetyldehyde, methanol and other oxygenated chemicals. 

An entirely different route from light hydrocarbons to petro- 
chemicals involves as the first step the conversion or reforming of 
the hydrocarbon to a mixture of carbon monoxide and hydrogen. This 
so-called synthesis gas is made by reacting either steam or oxygen, 


or both, with the hydrocarbon. The synthesis gas produced in this way, 
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usually from methane, is then used as a source of hydrogen (for example 
in the manufacture of ammonia), as a source of carbon monoxide for 
carbonylation reactions, or as the Starting material for producing 
oxygenated chemicals such as methanol and the Fischer-Tropsch type of 
product. 

There are therefore two general types of petrochemical manufacture 
based on light hydrocarbons, namely those in which the hydrocarbon serves 
as a nucleus or building block for new compounds and those involving 
conversion to synthesis gas. The remainder of this paper will review 
and discuss the primary processing steps in each of these routes to 
petrochemicals. First, it will deal with methods for producing and 
purifying the individual light hydrocarbons from which other petro- 
chemicals may be derived, and then it will turn to methods for making 
synthesis gas. 

Sources of Light Hydrocarbons 

The light hydrocarbons utilized in the manufacture of petro- 
chemicals may originate from three sources: 

1. From natural gas. Some streams of natural gas, 
the so-called "dry" gas streams, consist of almost 
pure methane, but natural gas from many sources 
contains also ethane, propane, butanes and some 
higher hydrocarbons. Natural gas can thus be a 
direct source of all the paraffinic light hydro- 
carbons, but the manufacture of olefins or 
acetylene from natural gas requires hydrogen 


removal, usually achieved by cracking or pyrolysis. 
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As an example, ethane and/or propane, or even 
butane, from natural gas may be cracked or 
dehydrogenated to ethylene which is then 
purified as required for subsequent manufacture 
of other chemicals. This sequence of steps is 
performed in C-I-L's polythene plant at Edmonton, 
Where ethylene is produced by cracking ethane 
separated from the residue &2S, piped to Edmonton 
from the Devon absorption plant. In this case the 
ethylene is concentrated to 99.85% purity for 
polythene manufacture. 

From petroleum refinery operations. Most of the 
operations carried out in oil refineries, from 
distillation of the crude oil through cracking, 
reforming, etc., give rise to "light ends" or gas 
streams containing light hydrocarbons, both 
saturated and olefinic. When these streams are 
processed to obtain maximum production of olefins 
rather than paraffins, it is customary to crack 
the latter, then recover and purify the total 
Olefin product. Refinery gases are probably the 
commonest sources of olefins, and a number of 
examples of olefin production from refinery gas 
are found in Canada at the large refinery centers 
in Sarnia and Montreal East. 

From the decomposition products of heavier hydro- 


carbons. When the desired light hydrocarbons are 
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not available from natural gas or petroleum 
refinery operations, which are normally the least 
expensive sources, they may be obtained by the 
deep cracking of crude oil or of selected liquid 
feedstocks produced in petroleum refineries. The 
objective in cracking processes of this type is 
usually to produce predominantly unsaturated light 
hydrocarbons, and it is characteristic of these 
processes that not one, but a wide range, of 
products is obtained. Imperial Oil's proposed 
petrochemical plant at Sarnia will crack liquid 
feedstocks to yield not only ethylene but also 
propylene, butylenes, butadiene, aromatics, etc. 

In producing individual light hydrocarbons from any of these 

sources one or all of three processing steps may be involved. 

1. Cracking or pyrolysis, which is usually required in 
the manufacture of olefins or acetylene but not for 
methane and its homologues; 

2. Separation of the desired light hydrocarbon from 
the other hydrocarbons present in the source, or 
from the other hydrocarbons and hydrogen present 
in the gas mixture resulting from cracking; 

3. Removal of contaminants such as sulphur compounds, 
carbon dioxide and moisture. 

In the case of hydrocarbons with four or more carbon atoms, 

isomerization processes may also be involved, as in the conversion 


of normal butane to iso-butane. 
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Hach of these aspects of light hydrocarbons production may 
be considered separately. 
Cracking And Pyrolysis 

Cracking may consist simply of hydrogen removal and the 
creation of double bonds, as in the production of ethylene from 
ethane or propylene from propane. It may also involve the breaking 
of carbon-carbon bonds, as in the production of ethylene from propane, 
butane, naphtha or gas oil. Finally, by using very high temperature 
conditions, followed by rapid quenching, it is also possible to form 
free radicals which will combine to produce acetylenic carbon-carbon 
bonds, as in the production of acetylene by the pyrolysis of methane. 

In commercial practice the commonest form of cracking to 
produce olefins is to pass the feed hydrocarbon vapours through 
externally heated tubes or pipe coils, similar to the thermal crack- 
ing operations used in manufacturing gasoline from heavy petroleum 
fractions. Steam is frequently introduced with the feedstock to 
reduce carbon formation and lengthen the time between the burn-outs 
which are necessary to remove the carbon that builds up on the inside 
of the tubes. Operating pressures are usually relatively low, since 
the reaction involves an increase in gas volume and higher pressures 
lower the conversion. Temperatures of over 1500°F. are required to 
obtain good conversions of ethylene in a reasonable contact time. 
The breaking of carbon-carbon bonds takes place more easily and at 
a lower temperature than the dehydrogenation reaction, and therefore 


propane can be cracked to ethylene at a lower temperature than when 


starting with ethane. 








” Sas ee . \ ’ ‘ hm ire 
Fy . itz, aw TY ea testy ) j 
re ; , 
i e 
f 
. 
i 
, 
w * ee, by 
iM r o r te ak ta | 4 uy i fe “7 
ts) d : 7) ad Vs iin a 6 wh o* I % J 1s were i 
v a 
. . 4 ‘ iy 
th a ; , : 
. f » » der r rf Ti oA 
GAl-4 G aX } 2 40) LZ J3SEM AS Vote 
* 
. ’ ee Fact 4 t 
A # 
ao Suef , ' + r hal ial 
~ “ ~ , ¢ vr 
IL aS Sp 4 oo OS fae @ Siianghs tt 
. tar = 
? > Oe 
= Cao) ao uN . ~ 
wh = acy Liew 
veal. * , e‘ 
~ . - Se 7° rt « ; 
qe MRT ea? bas" i. avs wa ~ Be 
7 . Cit Geet = 
: S 
= 5 mois 
‘ = oN Bes 
a ae E 
" - rr 
yeti sy a¥ “4 ~ ‘ , R 
yi Ori * oa’ ak eX fa 8 i ® 
, te 
Pay f 
£ < o ra wie - 
Pr . on y eS on 
ipa Ss AP . 
» . 
— * 4. , * 
a a ie = . i é 4 oy | ae" | Ho 
“ i ba ber te aks a 
fogs ms ae ie % 
P ’ 
rm) 3 ‘ oe i Say r 
y peo ne La - 
. > ort ‘ , 
. Bt _ — + , wet Ui u - 
ue . cite . ba ® F 
fo a inotere Tesaad oe * oer oN 
$ aire deste = 
wy Fay r ce , e 
7 f 
S ia 
% 1 
See se he 
~ ’ ° 
he { ;. ni wes 4 J : 
. * ' 
oT 
. 
ij « o i | 
~ is) h vf 4 lj ee y 
2 z 4 
: ; z 
al 4 a . { . % es 
be oe ' ay - . 
~ » "7 rf ~ a 
f 
a. aa, BI Fi A i Tie) Ss 
7 ' eg ie 
y 7 Aina fi yt 
¥ “ 
4 we r ‘ ‘ ‘ 1 m+ d ~y 
x‘ ~ ~ 
* f ‘ 
. 5 ” " 
a Ae i “i 
a ¢ rer « ~ B ody < 
aad 9 af OS Has & Fen . Sit Luss i 
we r - 
5 ¢ a aa foe 7 
Me 
} S ‘ : apd 4 » 
281i Sag a he id i > BIS , 
5 Gea ye eo 
ie 4 2 ot he gu re 





arean? 


ay 









7 ER ee Peas 
my Aee: 4 goad facet olt 


ee ue ig aoe a 








Ehhwe 


In this type of cracking, conversions per pass of 50 to 70% are usual 
and overall yields of olefins can be increased by recycling unconverted 
feedstock. The yield of ethylene, before purification losses, is about 
85% from ethane and 50% from propane. 

Straight thermal cracking of this type can be used to produce 
light olefins from eny of the three sources of light hydrocarbons pre- 
viously mentioned — natural gas constituents, refinery gases, or 
liquid feedstocks. Catalysts are not normally used in cracking opera~ 
tions to give ethylene, but they are used where it is desirable to 
favor hydrogen removal and minimize the breaking of carbon-carbon bonds, 
as in the dehydrogenation of butanes to butylenes, and normal butylene 
to butadiene. In these instances the feed stream is preheated in a 
furnace to a temperature below the threshold for appreciable thermal 
cracking, and then passed through a chamber containing a catalyst 
which favors dehydrogenation. Steam is usually added to suppress 
undesirable side reactions. Another example of catalytic cracking to 
produce selectively a light hydrocarbon was the Super-suspensoid unit 
used by Polymer Corporation at Sarnia to make butylenes from gas oil. 

The Kellogg process for producing olefins from liquid feed-~ 
stocks provides an interesting variation from conventional methods 
of thermal cracking. In order to prevent carbon formation and other 
undesirable side reactions which may take place while the feedstock 
is being heated to cracking temperature, the heating period is reduced 
to a minimum by mixing the feedstock rapidly with highly superheated 


steam. This process was pioneered in the petrochemical plant of 
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Imperial Chemical Industries Limited at Wilton, England, where naphtha 
is cracked to give a mixture of olefins including ethylene, propylene, 
butylenes, and butadiene. In this plant the naphtha feedstock is pre- 
heated to only about 1100°F. and then mixed with enough superheated 
steam at 1850°F. to give the desired cracking temperature of 1700°F, 

There are three other methods for ethylene manufacture which 
accomplish heating of the feedstock by some means other than by heat 
transfer through a metal surface as in a tube furnace. One of these is 
the pebble furnace, in which the feedstock is contacted with a moving 
bed of refractory pebbles which have been heated by fuel gas combustion 
in a separate unit. The cooled pebbles are recirculated from the re- 
actor to the heater by bucket elevator or airlift and any carbon 
formed is burned off in the heater. This process has definite advan- 
tages in the cracking of liquid feedstocks, and two or three different 
units have been designed and are in operation in the United States. 
Another technique, which avoids the use of tube heaters, is the so- 
called autothermic cracking process in which the feedstock is mixed 
with air or oxygen in sufficient quantity so that partial combustion 
in a reactor will produce the desired cracking temperature. A process 
based on this technique has been proved on the pilot-plant scale for 
making ethylene from ethane or propane, but no commercial plants have 
been built on this continent. The third method involves regenerative 
heating, and will be discussed in more detail below. 


The cracking processes reviewed thus far are intended to 
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produce olefins preferentially. Small amounts of acetylene are usually 


produced as well and frequently constitute an undesirable impurity which 
must be eliminated by selective hydrogenation. As mentioned previously, 
more severe conditions are required to produce significant yields of 
acetylene and it is also hecessary to quench the reaction products 
rapidly to prevent the disappearance of the acetylene formed. The high 
temperature levels, of the order of 2200°F., which are necessary for 
acetylene production cannot be achieved in tubular furnaces so that 
it is necessary to devise other means of supplying the heat require- 
ments for pyrolysis. Electric are methods have been used with some 
success, but they are not economical under normal conditions because 
of their high power requirements. The pebble heater, previously 
described for ethylene production, will reach sufficiently high tempera- 
tures for acetylene formation but it is difficult to achieve rapid 
enough quenching in this equipment to keep the acetylene concentration 
at a useful level. Two other pyrolysis methods have been developed 
for acetylene production, one resembling the autothermic process for 
ethylene manufacture (part of the feedstock is burned to supply the 
process heat) and the other employing regenerative heating and cooling. 
Of these two, the autothermic process, which is best known 
as the Sachsse process and is sometimes referred to as partial oxida- 
tion, is the only one which has been applied in a large commercial 
plant. In this process, oxygen and natural gas are separately pre- 
heated and introduced into a special burner in such proportions that 


part of the hydrocarbon oxidizes or burns to give temperatures high 
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enough to produce acetylene from the unburned portion of the natural 
gas. The burner gases are passed immediately to a water quench which 
lowers the temperature sufficiently rapidly to prevent the acetylene 
from decomposing to its elements. When starting from natural gas, 
yields of about 40% are obtained and the acetylene concentration in 
the product gas runs from about 8 to 9%. The acetylene is recovered 
by absorption in a solvent and the residue gas, rich in hydrogen and 
carbon monoxide, can be used as Synthesis gas. The Sachsse process, 
originally developed by B.A.S.F. in Germany, is now used in several 
plants making acetylene from natural gas in the United States. 
Important advances in burner design, eliminating the need for re- 
fractories, have recently been made in Burope. 

The regenerative furnace process, although not yet applied 
on a large commercial scale, is of considerable interest and is still 
under active development. Two forms of the furnace, the Wulff and the 
Koppers-Hasche, have been described in the literature. They are very 
similar and, in fact, both derive from the same pilot-plant research. 
The essential parts of the furnace are two regenerators made up of 
grooved ceramic tiles stacked in such a way as to provide a number of 
parallel passages for gas flow. These two regenerators are separated 
by a relatively small, empty reaction space. In operation, one of the 
regenerators (A) is heated to above the desired pyrolysis temperature 
by combustion gases obtained by adding fuel gas to the central re- 
action space and burning it with air entering through the other 


regenerator (B), which is warm from a previous cycle and acts as an 
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air preheater. When the desired temperature is reached, the combustion 
is stopped and the feedstock gas is passed through the hot regenerator 
(A). Pyrolysis takes place here and continues as the gas passes through 
the central reaction chamber, but when the gas reaches the other regen- 
erator (B), which is now cold, the products are rapidly quenched. When 
the temperature of (A) falls too low for pyrolysis, the feedstock is 
shut off and regenerator (B) is reheated by another combustion cycle, 
with the air being preheated by entering through regenerator (A). 
Because of the cyclical nature of this process, it is necessary to 

have one or more pairs of furnaces to obtain continuous production. 
When operated on natural gas, the product composition is not unlike 
that from the Sachsse process, and acetylene recovery is again by 
solvent absorption. The acetylene content of the product gas runs up 
to 6% from methane or 13% from ethane or propane. 

A small demonstration plant in California has used the Wulff 
process commercially for several years to make acetylene welding gas 
from propane but, although several engineering firms have offered to 
design and build full-scale plants, none has yet been erected. The 
published results indicate that the Wulff process should be economic- 
ally competitive with the Sachsse process, and it has the advantage 
of not requiring investment in a tonnage oxygen plant. It can also 
be used on feedstocks other than natural gas (methane) , and a recent 
development has been the adaptation of the process to produce olefins 
as well as, or instead of, acetylene. When methane is used as the 
feedstock it is not possible to produce high enough proportions of 


olefins to warrant their recovery, but when ethane is used conditions 
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can be varied to give product compositions running from 30% ethylene 
and 3% acetylene to 2% ethylene and 13% acetylene. It is thus possible 
to use the process to produce a gas mixture from which ethylene, or 
acetylene, or both, can be recovered, Similarly propane may be used 
to produce either or both of these gases, but some propylene is also 
produced which may be recovered as such or recycled for further pyrol- 
ysis. Some work has also been done on the production of ethylene and 
acetylene from gas oil and other liquid feedstocks. Developments along 
all of these lines are continuing and the results appear encouraging i 
someone may finally take the step of building a full-scale plant. 
Separation And Purification Processes 

The processes for separating and purifying light hydrocarbons 
are largely adaptations of distillation and absorption methods designed 
and highly developed by the petroleum refining industry. Because of 
the volatility of the light hydrocarbons, processing temperatures 
naturally tend to be lower and pressures higher than in customary 
refining operations. The separation of the saturated hydrocarbons 
and olefins originally took the form, in most installations, of a 
straight-forward, low-temperature distillation, involving fairly large 
refrigeration and compression loads. This was followed by a trend 
towards the use of oil absorption, using hydrocarbons in the pentane 
and gasoline boiling-point range as the solvent or absorbing oil to 
effect a concentration of a broad light-hydrocarbon cut from natural 
gas, refinery gas, or the product gas from a cracking furnace. After 


stripping the concentrated product from the absorption oil, fractional 
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distillation under pressure and at relatively low temperatures was 
still necessary to achieve the purities usually required, but there 
was an over-all economy over the use of low temperature distillation 
alone. Recent improvements in low temperature methods seem to be caus- 
ing Oil absorption processes to lose favor, but both may still have 
advantage in particular circumstances. 

As mentioned previously, acetylene is recovered from pyrolysis 
processes by absorption in solvents, those most commonly used being 
dimethylformamide, butyrolactone, acetone and, in a recent modification, 
liquid ammonia. The recovery of olefins and acetylene from the same 
gas stream requires a substantially separate purification plant for 
each product, although some duplication of equipment can be avoided 
in the initial separation steps. 

The Hypersorption process is a rather ingenious method of 
separating light hydrocarbons, involving the continuous counter-current 
adsorption of the individual components on a bed of activated carbon 
moving down a tower. Because of the differences in the tendency of 
the hydrocarbons to adsorb on the carbon, a fractionating effect is 
achieved. Steam is used to regenerate the carbon. This system has 
not found wide favor, however, and there is only one installation 
operating in Canada. 

Finally, some concentration processes depend on chemical 
combination methods such as the reaction of olefins with sulphuric 
acid. Solutions of ammoniacal copper compounds form complexes with 


many olefins and have been used to remove them selectively from 


gas streams. 
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The removal of contaminants such as sulphur compounds, carbon 
dioxide and moisture from hydrocarbon gases has been highly developed. 
Conventional methods for sulphur and carbon dioxide removal employ 
alkaline scrubbing solutions such as the ethanolamines, potassium 
carbonate and caustic soda. Moisture may be removed by scrubbing the 
gases with diethylene glycol or by passing them over solid desiccants 
such as alumina, 

Before leaving the subject of olefin and acetylene production, 
there is an important point to note in connection with the scale of 
operation necessary to achieve minimum manufacturing cost. The plants 
involved are characterized by high investment per unit of production, 
and must be built in large sizes to be economic and competitive. In 
ethylene manufacture, for example, 25 million pounds a year is about 
the smallest size that one would consider building, 50 to 100 million 
pounds a year can be produced at considerably lower cost, and maximum 
economy is reached at 200 million pounds or more a year. The reason 
for this lies in the nature of the separation and purification process- 
es, in which the capital cost is usually concentrated in a number of 
towers whose size can be scaled up to very large throughput capacity 
with considerably less than a proportionate increase in cost. The 
actual production of dilute gas streams containing olefins or acetylene, 
whether it be in a tube furnace, catalytic reactor, Sachsse burner or 
Wulff furnace, can be carried out economically on a relatively small 
scale; the maximum practical furnace size is soon reached and multiple 
units are required for large installations. Yield and heat require- 


ments, rather than unit investment, are likely to be the factors 
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influencing choice of a cracking process and the scale of operation is not 
too important. But in the purification of the gas coming from the cracker, 


unit investment is all-important and large size is essential to achieve 


low costs, 


The Synthesis Gas Route 


Up to this point the discussion has dealt with the processing 
steps involved in obtaining individual light hydrocarbons in sufficient 
purity for use in further chemical manufacturing operations. As men- 
tioned previously, there is another important route to petrochemicals 
production, namely the synthesis gas route leading to ammonia, methanol 
and other oxygenated chemicals. 

Prior to the petrochemical era, synthesis gas was prepared from 
coal or coke and steam by the well-known water gas poeceicn 

Cu + NE erg reed AEN ey Ho 

Further reaction with steam over a catalyst in the so-called 
shift reaction can be used to make additional hydrogen at the expense 
of all or part of the carbon monoxide. 

CO + H,0 es CO, + H,, 
Thus, any mixture from one-to-one CO:H, ratio to pure hydrogen can be 
obtained after scrubbing out the carbon dioxide. Maximum hydrogen pro- 
duction is desirable for ammonia manufacture, whereas various ratios 
of hydrogen to carbon monoxide are required for methanol and the Fischer- 
Tropsch and Oxo types of synthesis. The carbon monoxide content can be 


increased by adding carbon dioxide and, in effect, reversing the shift 


reaction. 
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Synthesis gas mixtures can be obtained also from saturated 
hydrocarbons by treatment with steam at high temperatures in the 
presence of a catalyst — the SO=called steam reforming process. The 
reactor containing the catalyst is heated externally. Unsaturated 
hydrocarbons cannot be used because they poison the catalyst. Hydro- 
carbons give synthesis gas mixtures richer in hydrogen than those 
produced from coal, and the hydrogen content can be increased to 100% 
by using the shift reaction and subsequent purification. Because of 
its abundance and low cost, natural gas consisting largely of methane 
is the hydrocarbon source most commonly used in this process. Hydro- 
gen was made from natural gas commercially early in the 1930's, but 
the first true production of synthesis gas from natural gas was intro- 
duced only in 1941. This was at the wartime ammonia plant of Alberta 
Nitrogen Products at Calgary. Because of its lower capital and 
operating costs, the steam reforming of natural gas was adopted in 
preference to processes based on coke in most of the many new ammonia 
and methanol plants built on this continent in the postwar period. 

The success of the steam reforming process was followed by 
the development of the Texaco partial oxidation process which under 
certain circumstances may be more economic. In this process no 
catalyst and no external heat are needed other than some preheating 
of the feed gases. The hydrocarbon and a suitable proportion of 
oxygen are fed to a reactor resembling a furnace where the combustion 
of part of the hydrocarbon produces the temperature required for 


synthesis gas formation. 
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Steam may be admitted with the feed gases to assist in temperature 
control and increase the hydrogen concentration of the synthesis gas. 
For ammonia production, the gas from the reactor goes through a shift 
convertor to get maximum hydrogen production. The lower cost of the 
partial oxidation reactor compared to a steam reforming unit is offset 
by the necessity for an oxygen plant, but the partial oxidation process 
has the advantage that it can be operated at higher pressures — up to 
about 500 p.s.i. versus 2 maximum of about 150 p.s.i. for steam reforming. 
This means that the reactor can be kept to a smaller size for a given 
throughput, and also, where the feedstock is available under pressure, 
this pressure can be maintained with a consequent saving in compression 
costs in subsequent high pressure synthesis steps, such as ammonia or 
methanol manufacture. Catalytic partial oxidation processes which 
operate at lower temperatures have also been developed but have not 
found wide commercial application, 

The partial oxidation process is also more flexible than steam 
reforming, in that heavier feedstocks all the way up to residual fuel 
oils may be used. Two ammonia plants based on the partial oxidation 
of fuel oil are now nearing start-up, one of which is being built by 
C-I-L near Kingston, Ontario. A full-scale experimental ammonia plant 
using the partial oxidation of powdered coal is also being operated in 
the United States; if it is successful, coal may resume an important 
role in synthesis gas production. Also, there is a trend towards the 
increasing use in ammonia manufacture of by-product hydrogen from 


petroleum reforming operations, and of hydrogen separated from coke-oven 
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gas. Thus natural gas is no longer supreme as the most suitable starting 


point for synthesis gas and hydrogen manufacture. 

The steps involved in purifying synthesis gas vary according 
to the use for which it is intended. Carbon dioxide, sulphur compounds 
and moisture may be removed by conventional methods previously mentioned. 
Carbon monoxide removal, when pure hydrogen is desired for ammonia manu- 
facture, is achieved either by absorption in ammoniacal copper solutions 
or by scrubbing with liquid nitrogen. 

Review Of Partial Oxidation Processes 

It may be of interest to refer back to several of the methods 
of processing light hydrocarbons that fall into the category of "partial 
oxidation". This term is used to describe a number of processes which 
have the common feature of starting from a mixture of a light hydro- 
carbon and oxygen, or air, but each of the so-called partial oxidation 
processes gives rise to quite different products. The use of the same 
term, "partial oxidation", to describe so many different processes may 
cause some confusion which can be clarified by looking at what these 
processes have in common and how they differ. 

The partial oxidation processes derive their name because the 
amount of oxygen used is always considerably less than would be required 
to convert all the hydrocarbon to carbon dioxide and water, The differ- 
ences between partial oxidation processes lie in the proportions of 
hydrocarbon and oxygen used, in the temperature and pressure conditions 
prevailing, and in some cases on the use of a catalyst. The amount of 


oxidation allowed to take place is important in determining the reaction 
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temperature as well as the nature of the products. 

The mildest,partial-oxidation reaction conditions are employed 
in the production of aldehydes, alcohols, organic acids and acetone. In 
the Celanese process used by Canadian Chemical Company, for instance, 
C2 and C), hydrocarbons are reacted with about 10 times the volume of 
air, and about 100 times the volume of steam, the reaction conditions 
being of the order of 700°F. and 400 p.s.i. The reactants are pre- 
heated and the heat evolved by oxidation is relatively small. The 
amount of oxidation is stopped at the desired point by quenching. 

There is some breaking of carbon-carbon bonds but little dehydrogena- 
tion, and the products are essentially oxygenated hydrocarbons. 

In what has been referred to previously as the autothermic 
cracking of ethane to ethylene, preheat is also used and the heat pro- 
duced by oxidizing or burning part of the ethane in air is allowed to 
raise the temperature to 1500 to 1600°F. This results in the formation 
of caybon monoxide and water from the combustion reaction, but at this 
temperature part of the ethane is cracked to ethylene and hydrogen. 

If a somewhat larger proportion of oxygen is used and if the 
temperature is made to rise to about 2200°F., acetylene is formed, as 
well as oaybon monoxide and hydrogen. In the Sachsse process, temper- 
atures of 2800°F, or more are used, so that essentially flame conditions 
are achieved, the pressure being kept in the neighbourhood of atmos- 
pheric. To prevent the acetylene from decomposing into its elements, 


rapid quenehing is necessary. 
By using about the same proportion of oxygen and operating 
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for longer reaction times at 2000°F, or more, but below the temperature 
at which acetylene is formed, hydrocarbons can be almost entirely elim- 
inated from the product, which becomes essentially carbon monoxide and 
hydrogen. This is the Texaco partial oxidation process for making 
synthesis gas. The same result can be achieved at lower temperatures by 
using catalysts, but this is a more expensive alternative and has not 
found wide commercial use. 

One other partial oxidation process, which has not been re-~ 
ferred to previously, is used to make epoxides by the addition of oxygen 
to olefins. This depends on the use of a preferential catalyst, such 
as silver, and finds wide commercial application in the manufacture of 
ethylene oxide from ethylene and air or oxygen. 

There are other examples of the partial oxidation of hydro- 
carbons, such as the manufacture of phthalic anhydride from naphthalene 
or the oxidation of cyclohexane to cyclohexanol and cyclohexanone, but 
these do not fall within the field of light hydrocarbons. 

This review of the chemical processing of light hydrocarbons 
has attempted to include enough of the fundamentals to provide a back- 
ground and show the interrelationships of the various Commer etan processes 
so as to give some orientation to those who are not familiar with this 
basic part of the petrochemical industry. From this background the paper 
has gone on to discuss some of the new processes that are being adopted, 
and the trends that are appearing. 

Finally it should be pointed out that many petrochemicals can 


be made from more than one starting material, not always of petroleum 
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Origin. For example, vinyl chloride can be made from either ethylene or 
acetylene made from petroleum or natural gas, or from acetylene made from 
calcium carbide. There are now half a dozen starting points in use for 
ammonia manufacture. It has not been possible to discuss in detail these 
competitive aspects involved in the choice of raw materials and routes 

to petrochemicals, but the subject cannot be closed without drawing 
attention to their importance in determining the form which the petro- 


chemical industry has taken in this country. 
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ECONOMICS OF THE PETROCHEMICAL INDUSTRY 


by W. Dunnington* 


The economic factors affecting the petrochemical industry in 

Western Canada have been reduced in this paper to two questions: 
(1) Why build a chemical plant anywhere? 
(2) Why build a chemical plant in Alberta? 

The first question may be answered by examining retum on investment. 
Pay-out calculations or other variations of the method also may be used. In 
any case the final economic hurdle is the question, "Will the venture make 
enough money so that someone will put up the required capital?" Return on 
investment can not only answer this question but also determine whether a 
plant should be constructed in the east or west. 

Return on investment as shown in Chart No. 1 is determined by divid- 
ing net annual profits in dollars, by investment dollars. The resulting per- 
centage is the number which will be referred to frequently as return. 

Net profit is gross profit less taxes. 

Gross profit is sales less cost of sales. 

Cost of sales includes mill cost, which in turn includes raw 
materials, services, labor, depreciation, etc., plus freight and delivery 
costs, plus selling expenses, plus administrative expense. 

Investment includes the cost of the plant proper, plus its share 
of necessary land and services, plus working capital. 

Many economic and technical questions mst be answered affirmatively 
before a company can proceed with facilities for manufacture of a chemical or 


petrochemical, There must be a market and preferably it should be a growing 


_. 





* Development Manager, DuPont Company of Canada Limited. 
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CHART I 


~ 
RETURN ON INVESTMENT= Se ROE 
INVESTMENT 
NET PROFIT = GROSS PROFIT+++ TAXES 


GROSS PROFIT = SALES***COST OF SALES 


COST OF SALES 
MILL COST 
Raw Materials 
Services 
Labour 
Depreciation 
Etc. 


FREIGHT & DELIVERY 
SELLING EXPENSE 
ADMINISTRATIVE EXPENSE 


INVESTMENT 
MANUFACTURING PLANT 
LAND & SERVICES 
WORKING CAPITAL 
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market — even after allowance has been made for the inroads of competitive 
products. The required technology must be available — not only that re- 
quired to build and start the plant, but a continuing, ever-improving 
technology based only upon a sound technical foundation and continuing 
research and development effort. 

The economic factors can normally be related to return on investment. 
Plant size, or more precisely sales volume, is usually the most critical 
element in the economics of a petrochemical venture. 

The curves on Chart No. 2 are plotted for a hydrocarbon-based product, 
showing the returns, which could be made by 123, 25 and 50 million lb./yr. 
plants, versus sales volume in millions of lbs./yr. 

It is evident that the larger the plant the greater the return when 
the comparison is made at full capacity. As plant size is increased, the 
advantage diminishes. By doubling the 124 million lb./yr. plant, the return 
at full capacity will increase from 8% to 21%, or 160%. Doubling the 25 
million 1v./yr. plant would increase return from 21% to 30%, or about 40%. 

A 100 million 1lb./yr. unit would earn a higher return than two 50's but the 
improvement would be less spectacular. 

Theoretically there is an upper limit of size where further increases 
will not increase returns, and this is often assumed to be at the point where 
the largest individual pieces of apparatus which can be constructed are in 
use, but there is some doubt that this is a point rather than a plateau. 
Usually the reason for a second unit is found in lower freight to markets 
or some factor equally unrelated to plant size per se. 

It is clear also that once having constructed a plant it is most 


desirable to operate it at capacity. 
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CHART II 


EFFECT OF PLANT SIZE ON RETURN 


MM LBS/YR 
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In the case of the product which is considered on this chart, the 


present Canadian market is about 5 million lbs./yr. or below the break-even 
point for the smallest of the three plants. 


Examination of the market, however, indicates a rapid growth — which 


currently is typical in Canada, Forecasts indicate that the market will grow 
to 10 million lbs. in 1960 and 25 million lbs. in 1965. The 125 million lb. 
plant would make money for only a year or so before requiring major expansion. 
In addition the break-even point is not much better than the break-even point 
for a 25 million lb. plant; viz.e, 9 million lbs. versus 10 million lbs. Thus 
the 25 million 1b. plant is probably the minimum size which should be built. 
The product is being imported, in this case from the U.S. and sold 
at the U.S. price plus duty. The anti-dump law which applies to products manu- 
factured in Canada states that the product of a foreign country cannot be sold 
in Canada at a price lower than the fair market value in the country of origin 
plus duty. The desirability of such a law, if we wish industry to construct 
plants here at the earliest possible date, is illustrated well by this chart. 
By 1962, Canadian consumption will be about 15 million lbs. and at 
this volume a 25 million lbs./yr. Canadian plant would earn 8% return. With no 
import restrictions the Canadian plant could not expect to capture the entire 
Canadian market. If it could get only half the market (or 74 million lbs./yr.) 
the return would be below the break-even point and the plant would not be built. 
With an effective anti-dump law it is merely necessary for a Canadian manu- 
facturer to drop the price below the laid down price of imported material to be 
permitted to supply the entire Canadian market. In the case of our example, 


Canada would get a new plant 2 or 3 years sooner as a result of a good anti- 
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dump law. It should be noted that the forces of competition are still at work. 
Even though there is only one plant in Canada prices must be maintained below 
prices of imports, 

It may be seen also that when a plant is expanded there is a decrease 
in return on investment for a period but that eventually the return becomes 
higher than had been the case for the smaller unit, 

Further examination of the future of the 25 million lb. plant indi- 
cates that at present selling prices it would earn about 21% return at full 
capacity. 

This might tempt a second manufacturer to enter the business and intro- 
duces one of the more important concepts of the economics of competition in the 
Canadian chemical industry. Competition has come to mean two or more plants 
manufacturing the same product and as a result offering the product to customers 
at lower prices than would be the case if one of them had a monopoly. In Canada 
the threat of a second manufacturer going into a business is far more likely to 
produce lower chemical prices than is the actual construction of a second plant. 
This generalization is likely to be true for any organic chemical during the 
early years following its initial manufacture, 

Chart No. 3 shows return versus sales for the 25 million lb. plant 
extended to show the effect of expansion to a capacity of 35 million lbs. after 
sales reach the 25 million lb. level. In addition to the curve at the selling 
price of 50¢ a pound as indicated on the previous chart, a second curve has been 
added based on a selling price of 40¢ a pound. 

Assume that manufacturer'A' has a plant in operation and that manu- 
facturer 'B' has the required technology and could, if he constructed a plant 


and sold product at the same price as 'A', obtain half the market, 
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CHART III 


EFFECT OF VOLUME AND SELLING PRICE ON RETURN 


% RETURN ON 
INVESTMENT 


35MM LBS YR CAPACITY 


MM LBS/YR 5 


YEAR 1956 
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‘A' must consider before expanding his business and certainly before 
setting his selling prices whether 'B! has sufficient incentive to construct a 
plant. For example, when the market reaches 25 million lbs./yr., 'A' would 
normally expand his plant — in this example at a cost of several million dol- 
lars. This would decrease his return from 21% to 14%, but he would expect to 
recover his position as the market increased. However, should manufacturer 'B' 
decide to enter the field at this time, 'A's sales would drop to 124 million 
lbs./yr. and his return woula drop below the break-even point if he had in- 
creased his plant capacity to 35 million lbs./yr. 'B' could earn 4%. ‘a! 
would probably then raise his price and 'B' would probably follow. Competition 
for markets would be on the basis of quality, service and other factors but 
not price. 

The ho¢/1b. curve illustrates 'A's position if he drops his price 
before 'B' constructs a second plant. At the lower price, the return for a 
second manufacturer who captured half the market would be well below the break- 
even point. 

An examination of the situation when the market reaches the 30 million 
lb. level will reveal that at 50¢ a pound and with the entire market, ‘A’ earns 
20% on his investment. If 'B' manufactures and captures half the market,he will 
earn 8% and 'A's return will drop to less than 2%. Wow had ‘a! dropped the 
selling price to 40¢ a pound before 'B' built the second unit, his return would 
have dropped to 64. However, it would then be impossible for 'B' to break-even. 

The 10¢ price reduction is probably more drastic than would actually 
occur, but it illustrates the point. 

At the 35 million lb. level the 10¢ reduction might be about right. 
The 50¢ price would allow 'B' to earn 11% if he could capture half the market. 


However, at 40¢ he would only make about 1%. ‘A's return at half the market is 
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about 5%. By voluntarily dropping his price 20% and his return from 26% to 


10%, it is probable that he will have retained the entire market. His sales 
of 35 million lbs. at 40¢ would be $14,000,000 instead of about $9,000,000 per 
year which he would obtain from 17.5 million lbs. at 50¢. The consumers will 
be better off by 10¢ a pound (or $3,500,000). 

The important point is that with markets of the size we now have in 
Canada, a plant supplying the entire market will be able to reduce prices to 
consumers. Under the threat of competition it will do just this. After a 
second plant is built this incentive and perhaps even the ability to reduce 
prices will be gone. 

It is of interest that the 20% price drop assumed in the example is 
well in excess of the duty for the product involved, which is another way of 
saying that a tariff which permits a Canadian manufacturer to supply the entire 
Canadian market will not necessarily be passed on to the customer forever, but 
may well be the means by which prices in Canada can be lowered. 

Assuming that size and other problems have been solved and that a new 
petrochemical plant is to be built in Canada, should it be built in the West 
or in the Hast? 

If the decision is to be made by private interests an analysis which 
determines the return at several eae ee will provide the answer. 

In the case of the product considered in the previous curves, the 
market is in Eastern Canada but the major raw materials originate in the West, 

A saving of 10% in raw material costs can be forecast if the plant 
is located in Alberta. The saving is greater for the major raw material but 
there are several minor ingredients which carry severe freight penalties, 


resulting in an average saving of 10% in raw materials. This increases return 
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CHART IV 


EFFECT OF ALBERTA LOCATION ON RETURN 


(percentage points) 


PLANT CAPACITY 
MILLION LBS/YR 
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1.6 percentage points for the 25 million plant and 2.2 points for the 50 million 


de 
plant. 


Construction costs are expected to be higher in Alberta than in the 

alternative eastern location because Ot: 

(1) Additional freight on construction materials, 

(2) Higher labour rates, 

(3) More severe climatic conditions. 
Working capital is somewhat higher because of additional inventory required de 
to longer delivery time. A 10% increase in investment results in a decrease of 
2.0 and 2.6 percentage points in returns on the 25 and 50 million plants re- 
spectively, 

Then there is the usual 25¢/1b. penalty on finished product shipping 
cost which reduces return 3.3% and 4.5% for the two plants. 

The net advantage of the eastern location turns out to be 347% and 
4.9 for the 25 and 50 million plants respectively. 

Studies have indicated that this comparison is typical of many 
potential petrochemical operations. 

Generally speaking the most important economic factors in alternate 
plant locations which can be reduced to dollars and compared easily are freight 
costs. In the case of petrochemical manufacture, possibilities of alternate 
feed streams such as natural gas, refinery off-gas, etc. may complicate the 
picture, but even here a freight analysis is likely to provide the answer to 
the fundamentally correct manufacturing location. 

The price at which Alberta hydrocarbons can be sold is determined by 
competition. Natural gas can be sold in Fastern Canada at a price determined 


by the value of other fuels. Therefore the price which it will bring at the 
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Alberta border is the price in Eastern Canada less transportation costs. The 


same situation exists with relation to crude oil. The price which may be 


charged in Alberta is determined by the price at which off-shore crude can be 
delivered to Eastern Canada less pipeline transportation costs. Now any petro- 
chemical manufacturer, other things being equal, will locate his plant at a 
point where his costs are least. At first glance therefore, since it has just 
been established that the hydrocarbon price in Alberta will be less than in 
Sarnia or Toronto by the transportation costs, it might be expected that all 
plants would be built in Alberta, This is not the case, however, because 
finished product must be shipped by rail, whereas raw materials may now be 
moved by pipeline. The cost of shipping a barrel of crude to Sarnia is about 
65¢ as compared to a tank car rate of about $6.50. 

It appears likely that most petrochemical ventures in Alberta will 
involve a net freight penalty. This will not always be true and some of the 
conditions which could result in a favorable freight picture for Alberta are 
set forth in Chart No. 5. 

Obviously if markets are located in Western Canada or if markets can 
be most economically reached from west coast ports, Alberta would enjoy a freight 
advantage rather than disadvantage in finished product shipping costs. 

In some operations the consumption of hydrocarbon raw materials and 
fuel may be large in comparison with the quantity of finished product shipped. 
In such cases savings in raw material shipping costs might well outweigh 
penalties in finished product shipping costs. 

A third condition which would favor manufacture of a petrochemical 
in Alberta or at least eliminate any freight penalty would exist if finished 


product volumes were large enough to justify delivery by pipeline. 
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CHART V 


CONDITIONS WHICH FAVOUR MANUFACTURE IN ALBERTA 


(1) Markets in western Canada or export markets most 


economically reached from west coast ports. 


(2) Consumption of a large quantity of hydrocarbon raw 


materials per pound of finished product. 


(3) Finished product volume large enough to justify pipeline 
delivery. 


(4) Special situation where raw materials are available as 


by-products of existing operations. 
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Finally there are and will be special situations where by-products 
from refinery and petrochemical operations will be available and where it will 
be profitahle to sell such by-products (as ethane, propane and butane) at 
prices low enough to compensate for any finished product freight penalty. I+ 
is probably for such reasons that C-I-L, and Canadian Chemicals have constructed 
their large petrochemical Operations here. 

When is construction of a petrochemical plant economically right or 
wrong from a provincial or national point of view? No attempt has been made 
to establish rules on this subject because the interests of a manufacturer or 
the province or the country as a whole may appear quite different, particularly 
on a short term basis. 

For example, Alberta may be better off if a petrochemical plant is 
built within her borders. Ontario also might benefit if the same plant were 
built there. Location theory from the standpoint of theoretical economics 
would require consideration of many factors and much information which has not 
been considered here. Probably it would be possible to use the techniques of 
Operations Research and the calculating capacity of a Univac to determine new 
plant location and timing which would make the maximum contribution to the 
average Canadian standard of living. 

Fortunately, in the absence of such elaborate studies, private 
enterprise appears to be able to select locations in the best interests of 


the greatest number of people by relying on return on investment analyses. 
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ECONOMIC AND OTHER FACTORS AFFECTING 
PETROCHEMICAL DEVELOPMENT IN WESTERN CANADA 
beretewescen nes rt —seaeeeeneeenstnserenseen te a ee ee 


by Donald Quon* and John Gregory* 


The previous author, Mr. Dunnington, has made a substantial 
contribution to this discussion, particularly in his reaffirmation of 
the belief of industry that, from the view point of the country as a 
whole, the laws of economic return form the only sound basis for plant 
location. It is a valuable and perhaps necessary reminder to this 
audience because there may be a tendency for us in Alberta to become 
parochial in our thinking and to equate Alberta's interests with the 
national interests, That, of course, is not necessarily true, and it 
is clear that petrochemical development in Alberta, or Western Canada, 
will occur, not because we want it, or because we try to will it, but 
only when such development will most economically satisfy a particular 
demand. 

This paper proposes to elaborate on and assess, perhaps in 
a little different way, some of the factors affecting petrochemical 
development that have already been mentioned, 

Raw Materials 
One important factor having a direct bearing on the future 


of the petrochemical industry in Western Canada was discussed earlier 





* Research Council of Alberta, Edmonton. 
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by Dr. Govier in this symposium -— and that is the question of availa- 
bility of hydrocarbon raw materials. In view of the immense quantities 
of natural gas that are to be used as fuel, and in view of the relatively 
small amounts required by even a very large petrochemical industry, it 
seems safe to conclude that the supply of natural gas hydrocarbons will 
certainly not be a limiting factor in the development of a petrochemical 
industry in Western Canada. Indeed, there may be-a—surplus_of_butane, 


and possibly propane, which-might™prove particularly attractive for 


tee ee 


a 


petrochemical manufacturers, 


Markets 


The question of future petrochemical markets obviously has an 
important place in this discussion, It is true that forecasts of markets 
have to be used with discretion; however, they are useful in indicating, 
qualitatively at least, the trends that might be expected. A number of 
forecasts have been made recently — in the United States by the 
President's Materials Policy Commission, more popularly known as the 
Paley Commission; and in Canada, in various submissions to the Gordon 
Commission. Only a very few general and brief conclusions can be 
listed here: 

1. As raw materials for the synthetic organic industry, petroleum 
and natural gas hydrocarbons are in a unique and almost unrivalled 


position. They are likely to remain so. 
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2. The over-all future of the petrochemical industry seems very bright. 
The American petrochemical industry has doubled every five years in the 
last decade and a half — showing an annual growth rate of 14% as com- 
pared to 10% for the entire chemical industry and 3.0% for over-all 
industrial production. It is expected to double again between 1955 and 
1960. In 25 years the petrochemical industry in America should be 4 or 
5 times as large as at present — and indeed, this prediction may be 
rather conservative. There is no need to belabor this point further. 
It may be said with assurance that there will be a very substantial 
expansion of petrochemical markets in the coming years. The question 
is — in what part of the country is it most likely to develop? 
3. The pee rene cat industry will continue to evolve and undergo 
many changes. Rapid technological obsolescence will be a standard 
operating hazard. There will be shifts in the raw material sources 
for synthetic organic chemicals — some from petroleum and natural gas 
hydrocarbons to alternative sources like coal, and vice versa, but 
probably even greater shifts will occur between various fractions in 
the petroleum family — some recent examples being the shift from 
natural gas to petroleum fractions as a feedstock for making carbon 
black, and another, the shift from refinery off-gases to high ethane 
natural gases as primary sources of ethylene. All these shifts will, 


of course, influence markedly regional petrochemical development. 
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In the ultimate technical sense, because of the many advanced 
techniques developed in handling hydrocarbons — covering such processes 
as decomposition, polymerization, hydrogenation, dehydrogenation, cycliza- 
tion, aromatization — the different hydrocarbon sources are practically 
interchangeable. 

4, The matter of tariffs is an important consideration in studies of 
petrochemical development in Canada, and in recent years this subject 
has been given much attention. There are two aspects to this question, 
firstly, that of tariffs imposed by other countries on goods manufactured 
in Canada and secondly, that of Canadian tariffs imposed on chemicals 
entering Canada. In practice, the Canadian manufacturer has, in effect, 
little or no entrance to the American market and this situation is not 
likely to change. An export market can develop, however, and indeed 
already has been developed in the rest of the Commonwealth, in Europe, 
and may in time be extended to the Far East. 

On the question of tariffs on organic chemicals coming into 
Canada the matter is complicated by the fact that the products of one 
industry may be the raw materials of another. In Canada, where the 
petrochemical industry is in early stages of development, some firms 
must import chemical intermediates from the United States and for their 
survival must obtain these imports duty free. Even within single 
companies there are mixed feelings as to the extent they may wish to 


press for tariff protection for the chemical industry. 
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The petroleum industry in Western Canada is based on hydro- 
carbon raw materials and produces either finished products or inter- 
mediates. It does not utilize intermediates to any large degree and 
therefore the tariff inequalities on chemical products are of even more 
concern to the industry in Western Canada than in the country as a whole, 
Primary Location Factors 

The main source of hydrocarbons in Canada is in the West, and 
primarily in Alberta. True a considerable tonnage of crude oil is still 
imported into Eastern Canadabut this will not affect the main argument. 

In such a situation, the primary location factors for a petro- 
chemical industry are: 

1. Transportation costs of raw materials and fuel gas; 
2. Transportation costs on finished products; 
3. Economies and diseconomies of scale. 

This analysis is based on the premise that plant costs, interest 
and related charges, maintenance costs, cooling water costs, and most 
chemical costs probably do not vary too significantly between regions, 
and that the costs of labor and power, which are normally required in 
relatively small amounts, are not important location factors. Differences 
in fuel, steam, and feedstock costs are therefore due to transportation 
costs. 

Since the previous paper has covered the third factor in some 


detail, the present discussion will be limited to the other two factors. 
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The comparative transportation costs for the different hydro- 


carbon feedstocks are shown in Table I, 





TABLE I 
HYDROCARBON RAW MATERTAL, TRANSPORTATION 
ioe ee emai MEER SS hr het ace 7 at 
Product Costs by Pipeline Remarks 
¢/1b./100 miles 
st Alle hr eae ee ie ii pe iat eis BE tls oon cet Se 

Methane 0.040 Estimated costs of 30-34 inch 
Trans-Canada Pipe Line. 

Ethane 0,062 Difficult to assess because 
normally transported together 
with methane. 

LPG(propane, butane) 0.07 - 0.10% Rough estimates for 8-12 inch 
Pipeline based on U.S.A, 
experience, 

Crude Oil 0.015 Established figure for existing 


large pipelines. 
*LPG transportation costs are approximately 0.20¢/1b./100 


miles by truck and 0.10 - 0.12¢/1b./100 miles by railroad 
tanker. 


a era 


Some observations can be made from the above table: 
1. Pipeline transportation of materials is relatively cheap. This fact 
will be brought out more clearly in a later section where cost figures 
for rail transportation are presented. 
2. Relatively, crude oil is inexpensive to transport, propane and butane 
expensive to transport. High methane natural gas occupies an intermediate 
position. 

The price structure of the different hydrocarbons at various 
locations in Canada provides an interesting sidelight, although it has 


only an indirect bearing on the main argument, 


ype NPR eee eed ey? 
we OY: “| SOL 2 £2: 


asin 1 Sint eet ayn ob ie ae ase WB) ~ - wate SE Senenepe oatinnth santas ualaands - 
i‘ ee 
‘oe rd ne Hehe os ee ee 4 tui * ee i) 
Ve wk AD Peeves) rites Milaw cw Wied +4 
* ‘ ; cy : ee ~*~ ' 
g H* q i f Vee i he ie 
: 2 *, 
s 2 ~ ¥ 
‘ag Beas: Sige PUP tN me 
ae i 
y so Vitis ies toe 
a f af 
4 o as? Me 
* 
Pa 4 » ~ Mr } o> ry 
1 g J X gS was 
° ‘ Jaw ; : f 
a rer cy 
‘ L. 
e 
tip 5 
. Rise a gol try H - ty a aw 2 fin 
PNK sey | ot rm ee Death . isa nia Lets 
fi tS es 6 =| 
% 
A Gt\h0S,0. qhede votzndsoqemet Old 
sO0hS rf cranks ds ened * 


ape nome Ha 


sundid BAX easjong, sioqetekt od ovis at, Be Tho sbrria ecto heel 


(hairieses af aeiquoad aan Layuiat Geutiede-acy . al ives 
; rs = 


i fs ini eaotiss: seuinyt ¢ 
u 


a 
ae 


ee 










Fem 
+ 
ne 





vials 


+ iene a 
noThchOtshasy TL mAM WAR 


Sap ati amet aan “neti eaten LAL Sih 


4 
















egsler cusiiengt attk fad St wif ai rie) 
ae re) COL A q en 


oo 





ye LL Yu a to B \ at cay Wy ei) ,t) opens / 4g 5 xAyired” Ye ¢ egitim 
4th 





eas ae Se Se sca incie ee =, 4 Sc 
th eine eon epee mc cag ere ee ee ee ing reine ann eae iene 


ofr tect tas 12100 Sa aedO ence 





t sid? .qbeds ylovideias a2 ele praden Fo coher 


* 
- 


; Tears, it a a ort  ntereialel 






iis 
ra a 





4 . 7 


Fev heh ma or) ; 


wera 





7 





‘. 


- 79 - 


TABLE IT 


HYDROCARBON RAW MATERTAL COSTS AT VARIOUS LOCATIONS 
ri LD 


Edmonton* Vancouver Winnipeg Toronto 


Methane 0.30 0.55 0.60 1.10 
Ethane 1.02 Le? Redo ey: 

Propane Lau 135 pale 2.6%* 
Butane Ona ine 143 2.3%% 
Pentane da 

Crude Oil 0.9 1G 0 Ie, 





* These costs are based upon a source price 
of 13-14¢ per MCF for natural gas, an 
estimated 1¢ per pound for ethane, 5-54¢ 
per gallon for propane, 33-4¢ per gallon 
for butane, 10-12¢ per gallon for pentane 
and $2.60 per barrel for crude oil. 
Transportation costs are based on figures 
shown in Table I. 


**¥ May be obtained from local refineries for 
perhaps 10-20% less. 


Perhaps the most striking feature of this table is the fact 
that in Alberta, on a per pound basis, crude oil is three times as 
costly as natural gas but in Toronto the price is almost identical. 
The high value of liquefied petroleum gases, propane and butane, 
should also be noted. 

Some typical rail transportation costs of finished products 


are shown in Table III. 
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TABLE IIT 


TYPICAL FINISHED PRODUCT FREIGHT COSTS 
¢/1b./100 miles 





Edmonton to Vancouver Winnipeg Toronto 
Fertilizer 0.09 0.09 0.05 
Polythene (bags) 0.16 0.15 
Formaldehyde 0.10 0.09 
Propane ely ews 


It is evident that unit transportation costs of finished 
products by rail are much higher than transportation costs of hydrocarbons 
by pipeline — the cost being up to twice as much as for LPG's, three or 
four times as much as for natural gas, and up to ten times as much as for 
crude oil. 

The key location factor is the amount of raw materials and fuel 


required to produce a unit weight of finished products .Iisthis.ratio is 


large, the industry will be raw-material-oriented; if it is small, it will 


be market-oriented. The cross-over point will depend upon the nature of 
both the hydrocarbon raw material and the finished product. 


Some of the main petrochemical processes are outlined in Table IV. 
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TABLE IV 
PETROCHEMICAL RAW MATERIALS, INTERMEDIATES, AND END PRODUCTS 
ee EE NE ERUDUUL 
Raw Material Intermediates End Products 
oy ee ih vientndnagmeie alata lalla id i aaaaaaialad leahaddddaeld 
Methane Ho Fertilizer, explosives 
CO + Ho Antifreeze, plastics 
HCN Acrylic compounds 
CoHs Vinyl compounds, resins 
Acrylonitrile Fibers, resins, rubber 
Ethane CoHy Plastics, fibers, additives, 
antifreeze, rubber, detergents 
Propane Se Explosives, detergents, 
dehydes lacquers, solvents, 
Ketones 
Alcohols 
Butane CHE Rubber, nylon, oil 
C),He additives, resins 
Crude Oil C2H6 
C), He 
Benzene Resins, rubbers, 
Toluene explosives, plasticizers, 
Styrene plastics. 


Without attempting to cover the whole field a few typical 
examples may be analyzed. Using methane as a source of hydrogen for 
ammonia and ammonium nitrate production, it takes only about @,672bs. 
of natural gas to produce 1.0 lb. of nitrate. This then appears to be 
a market-oriented industry. For making methanol the ratio is about 1.0, 
still in the range of market-oriented processes. However, if methanol is 
to be used as an intermediate for plastics, like urea-formaldehyde, 
involving several more chemical steps, then the over-all process could 


very well be raw-material-oriented. 
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The manufacture of acrylonitrile seems to be definitely raw- 
material-oriented if the acetylene-HCN route is used. Over 5 lbs. of 
natural gas are required to produce 1 lb. of acrylonitrile. The latter 
is a very promising chemical intermediate and a Western Canadian location 
does seem indicated. 

Ethylene is by far the most important chemical intermediate 
in the whole synthetic organic industry. The American picture indicates 
a shift from refinery gases to natural gases as primary sources of ethylene; 
but it is uncertain whether it would be more economical to extract the 
ethane from the natural gas at the source or along a pipeline. However, 
in the past several years ethane extraction plants have been built at 
or near the terminals of long pipelines. 

Propane, aS a raw material source for petrochemicals, may be 
oxidized directly or converted into propylene. The construction of a 
large plant in Alberta by the Canadian Chemical Company, using the partial 
oxidation process, is clear evidence that under certain circumstances, 
the availability and low price of propane (and butane) outweigh other 
considerations in plant location. While propylene is an important petro- 
chemical intermediate, it seems likely that for the next few years the 
demands can be satisfied by refineries. 

The main petrochemical use for butane, at least in Canada, is 
for making butadiene, which is in turn used in the manufacture of synthetic 
rubber. The Polymer Corporation has indicated an interest in establishing 
a plant in Alberta for producing butadiene from the large quantities of 


butane that are expected to be made available when large scale gas export 
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becomes a reality. In this case, the prime consideration is a large and 
continuing raw material source. 


Conclusions 


The previously discussed factors may now be assessed to determine 
the degree to which they will influence the development of petrochemical 
industry in Alberta. The following observations may be made. 

1. Not all petrochemical industries, not even those based on natural gas, 
are going to locate in Alberta. With the expected construction of gas 
pipelines, it may be more profitable to locate plants along the pipeline. 
It cannot be expected that all the petrochemical industries will be 
established in Alberta even if certain components of natural gas, namely 
propane and butane, are extracted at the source. In a very real sense, 
the whole natural gas hydrocarbon stream, including methane, consists of 
potential chemical raw materials. And once this gas leaves the Alberta 
border, it would be difficult if not impossible to control its end use. 
Ammonia from natural gas is one example of a market-oriented process and 
there seems little doubt that in the future ammonia plants will be built 
outside Alberta, using Alberta gas. Possibly the production of ethylene 
from ethane in pipeline gas is another market-oriented process. The 
National Petrochemical plant at Tuscola, Illinois, extracts ethane from 
natural gas originating about a thousand miles away, and there the ethane 
content of the gas is approximately the same as that of the gas that will 
be exported from Alberta. 

Therefore, the construction of gas pipelines means that in the 


future a greater variety of potential sites will be available on which 











w re had sae A 


# “pens t 


= - iD 5 7 
1% int et « 
es £6 + ; 


e ae 
On8 wah a at cokes stag ait jones es 


fate 
_ 
7 a A 
| a 
a) 
7 7 
® Si 
i) 


-cpesel ot bepgasena ad von ves ewoteel beeeopelery 

















luchwerioostad 26 tasiqoleyes ac? ' sucenltel Tine yedr polo 


[on “70 id 
has of Yer enoizeyrands Dit WOLLaS ott aes ne ut i. 


Bh i” 
- 7 
28g Tednar 90 Deeed seats save fon wwabadeuiat inabeadeiitel ee 


a 
May 
ai LO uotitegiencs setaegxe end (aN .edrediA at stessher se 
- S¢em 
ssulinghy ofy goQle adel steedl of aidaeitery sag ad 1 as at 
’ ff{iw aoivvsevhcl Laeimeseowtee sap Iie faa dsdoegze ey uu 
ay es 


faaat .2ay fawiyou 1° shrentinoe ahasteo 2f geve sozenis at & 


ed 
wm 
\ _ 
Fy 
™ 
- 


a 3 J es Lave geil Sa) ‘petoerexe ou c OGRE ba 


a 
+ 


£009 .atedigg sainuloal «eseie wodrag owing REN iewwtatt 9 
_ ae : On Gove f 239 recs SPD. iin “olalyadam WRT tao beeeta le shy bres 


a “J 


bit fro off [ortogo ov aldinuagmt soo Bb Oh reere ae ma sen 
4 a >: 
bite susvong Letasiye-dmined « te ofqeuse eae at aa Letter ie Oat 
rt = ilv sical lnchtie osnggt add nar gadz Jauub sort nae ‘z A. 

é nay 8 


wetuiin 20 on )ienhota sip gidted, samy strat gall . jada, kati 
edt. -Hesopig. hotielondeohenm tedtor ab ienm role a oe : 
work enidis arvewexe ,ateniZil ,sfopew! ge Sata isot ” (ts 
onsite) 26h Stott ban. .yeRS HOEK fmeauedhs i ee ae | 
see ) 


fee ae Sot soe 


_ 4" Ab 





_ 
. 
a ¥ 


- Of . 


to locate a petrochemical plant. Asa consequence, all of Western Canada 
may participate in new petrochemical ventures. It would seem logical 
that in the years to come, particularly for chemical products that are 

to be exported, Vancouver as a site will receive a great deal of consid- 
eration. 

ee There are some petrochemical industries, for which it makes good 
economic sense to locate in Alberta. And there are enough of these 
industries so that we can look forward to a considerable expansion of 


petrochemical manufacturing facilities in Alberta. 
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